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DESCRIPTION 



DECORATIVE ITEM AND PROCESS FOR PRODUCING THE SAME 



TECHNICAL FIELD 
THe present invention relates to a decorative item 
(includingS^parts ) and a process for producing the same. 
More particularly, the present invention primarily 
relates to a decorative item, such as an exterior part 
of timepiece, in wh\ch use is made of a basis material 
having a hardened laye\, for example, a carburized 
(cemented) layer extendirrc from a surface thereof to an 
arbitrary depth wherein a solute atom is diffused so as 
to form a solid solution, and\elates to a process for 
producing the decorative item. Farther, the present 
invention is concerned with an exteMor part of 
timepiece constituted by a carburized\tainless steel, 
especially an exterior part of timepieceV such as a 
wristwatch band, bezel, casing, back lid o\ dial, 
constituted by a gas carburized austenitic stainless 
steel, and is concerned with a process for producing 
the same. Still further, the present invention i\ 
concerned with an exterior part of timepiece havinX a 
smooth or specular surface free of what is known as \ 
"orange peel" and with a process for producing the saifle. 
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decorative item, for example, an exterior 
part (member ) ""©^timepiece , such as a wristwatch band, 
5 bezel, casing, back liTa>^buckle or dial, use is made of 
stainless steel, titanium or aNitanium alloy. In 
particular, austenitic stainless steeKwhich is 
excellent in corrosion resistance and ornaritfcntal 
capacity is widely employed as the stainless ste^S 
10 For example, a plate of austenitic stainless steel 

SUS 316 or SOS 304 is subjected to cold forging. The 
forged plate is arbitrarily cut or drilled (punched) 
and finished into the shape of wristwatch band piece. 
The thus obtained band pieces are connected to each 
15 other to obtain a completed wristwatch band. 

/ever, the austenitic stainless steel has a 
drawback in ~£fc^t its specular surface is easily 
scratched to cause disappearance of the wristwatch 
band, bezel, casing, back r3>eL dial or other exterior 
20 part of timepiece constituted by th^ austenitic 
stainless steel per se to easily deteriorate. 

The technology of carburizing the surface of 
stainless steel such as austenitic stainless steel to 
harden the stainless steel surface is now being studied 
25 in order to resolve the above drawback. However, the 



carburized stainless steel surface suffers from 
generation of a strain in the crystal lattice of 
stainless steel because of the penetration of carbon 
atoms to become a rough surface. Thus, also, the 
technology of further polishing the carburized 
stainless steel surface into a specular surface is 
being investigated . 

For example, in Japanese Patent Laid-open 
Publication No. 54 ( 1 97 9 ) -8 64 4 1 , it is described that a 
specular surface can be easily obtained by subjecting 
fine precision parts, such as a gear, .a spring and a 
shaft, constituted by a low carbon steel, a low alloy 
case hardening steel or the like, although there is no 
description of austenitic stainless steel, to pack 
carburizing (solid carburizing) at 900°C and thereafter 
subjecting the surface of such parts to barrel 
polishing. 

However, when a metal having a high content of 
chromium, such as austenitic stainless steel, is 
carburized at high temperatures such as 700°C or above, 
chromium carbide is precipitated in a surface portion 
of stainless steel. As a result, the chromium content 
of stainless steel per se is reduced to cause the 
corrosion resistance of the stainless steel to 
extremely deteriorate. Further, the chromium carbide 



becomes bulky, thereby posing such a problem that the 
carburized region of stainless steel cannot have high 
hardness . 

The method of carburizing austenitic stainless 
steel at low temperatures such as less than 700°C for 
the purpose of avoiding the above .precipitation of 
chromium carbide can be contemplated. However, when 
the carburization is conducted at such low temperatures, 
a passive film which hinders the penetration of carbon 
atoms is formed on the surface of stainless steel to 
thereby disenable hardening of the stainless steel 
surface. 

In recent years, the technology of hardening a 
surface of austenitic stainless steel while maintaining 
the excellent corrosion resistance of the austenitic 
stainless steel is being investigated. For example, in 
the technology disclosed in Japanese Patent Laid-open 
Publication Nos. 9 ( 1997 ) -71854 , 9 ( 1 997 ) -2 68 3 64 and 
9 (1997) -302456, austenitic stainless steel is 
fluorinated in a fluorogas atmosphere at low 
temperatures such as 300 to 500°C to convert the above 
passive film to a fluorinated film through which carbon 
atoms can be easily penetrated. The fluorinated 
austenitic stainless steel is sequentially subjected to 
gas carburizing in a carburizing gas atmosphere at low 
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temperatures such as 400 to 500°C and to pickling or 
mechanical polishing (for example, soft blasting, 
barrel polishing or buffing)-. 

the thus obtained decorative item, for example, 
5 wristwatcft\band, a hardened layer, i.e., carburized 

layer extending from a surface of austenitic stainless 
steel as a basis rh^terial to a depth of 5 to 50 [xm is 
formed while maintai'nr^g the corrosion resistance 
thereof. Therefore, not oHly does the basis material 
10 exhibit a beautiful specular Surface but also the 

specular surface has a Vickers hardness (HV) as high as 
500 to 700, which cannot be attained Xy stainless steel 
provided with no surface hardening treatment. 

The decorative item (including personal ornament) 
15 constituted by the austenitic stainless steel having 
its surface hardened is resistant to scratching, so 
that there is an advantage such that the beauty thereof 
can be maintained for a prolonged period of time. 

/ever, even the decorative item whose basis 
20 material is c^sj^st ituted by the above stainless steel 
having its surface h^35<iened sometimes suffers from 
scratching when a sharp intenS^external force is 
applied thereto, 

< ^n^M-r^£^r^ f j-H^rc> ± s a demand for the development 
25 of a decorative item whose^Ba^ir^^maierial is 
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ct>fs^ituted by stainless steel having a higher surface 
hardness, i7^>>^cfr eater scratch resistance than that of 
the conventional decorative item, and also for the 
development of a process for procTt^c^ng such a 
5 decorative item. ^^s, 

On the other hand, with respect to the decorative 
item such as an exterior part of wristwatch or a 
bracelet, it, as a- personal ornament, must have the 
same ornamental value as those of other decorative 
10 items. Accordingly, the personal ornament at its 

surface is often furnished with an ornamental coating. 
For example, a gold alloy coating formed by wet plating 
is widely employed as such an ornamental coating. 

(ever, the gold alloy coating is soft and easily 
15 scratched . ^Accordingly, even if the hardened basis 

material surfaceSof personal ornament is covered with 
the soft gold alloy osiating, the gold alloy coating 
would be scratched to spori the beauty as decorative 
item. This personal ornament n^s§ a drawback in that 
20 the above advantage of hardening of^^s^asis material 
surface cannot be utilized. 

Therefore, there is a demand for the development 
of a decorative item whose surface hardness as measured 
from the surface of gold alloy coating is large even if 
25 the gold alloy coating per se is soft, that is, a 



decorative item which is excellent in scratch 
resistance, and for the development of a process for 
producing the same. 

In the technology described in Japanese Patent 
Laid-open Publication Nos . 9 ( 1997 } -71854 , 9(1997)- 
268364 and 9 ( 1997 ) -302456, austenitic stainless steel 
is carburized at low temperature, so that precipitation 
and bulking of chromium carbide in stainless steel 
would not occur. However, a layer wherein, mainly, Fe 
and C in stainless steel are simultaneously present, 
possibly "mill scale (roll scale, black scale)" 
containing an iron oxide such as Fe2C>3, is formed on an 

outermost surface of carburized layer. In the 
technology described in the above literature, the mill 
scale is removed by pickling or mechanical polishing. 

Wever, with respect to the exterior part of 
timepiece\onstituted by stainless steel which has been 
gas carburized\t low temperature as mentioned above, 
completely removing\the mill scale formed on the 
surface thereof so as toyrender the exterior part 
surface specular cannot be accomplished only by 
performing mechanical polishing^smch as barrel 
polishing or buffing. The reason isNthat' most 
timepiece exterior parts have complex configuration 
because of the attainment of ornamental beauKy with the 



8 

rfc^ult that there are places which cannot be polished, 
such inside wall of holes and inside wall and bottom 
of recessed\x)rtions. Further, with respect to 
timepiece exterior parts comprising a plurality of 
parts connected to ea^h other, it is difficult to 
polish part interfaces. Nor example, with respect to a 
wristwatch band comprising a \nultiplicity of band 
pieces connected to each other bV means of connecting 
parts, the smaller the interstice oXmutually 
neighboring band pieces, the more difficult the 
polishing thereof. \ 

Moreover, the surface of timepiece exterior parts 
cannot also be rendered specular only by pickling. In 
the pickling described in the above literature, iron 
contained in the mill scale is leached with a strong 
acid solution to remove the mill scale from the surface 
of timepiece exterior parts. However, iron is also 
contained in stainless steel per se, so that the 
surface of carburized layer is. corroded by the strong 
acid solution. As a result, the surface of carburized 
layer after pickling .is roughened and cannot be 
specular. 

Furthermore, finishing to be effected on the 
surface of timepiece exterior parts constituted by 
stainless steel is not limited to specular finishing. 



For realizing an ornamental beauty, various mechanical 
finishings are required. For example, hairline 
finishing wherein a multiplicity of mutually parallel 
nicks are engraved or honing wherein a multiplicity of 
fine recesses are engraved is required. 

However, the carburized stainless steel has a 
drawback in that its surface is so hard that it is 
difficult to effect the above mechanical finishing 
thereon. 

^erefore, there is a demand for the development 
of an exterior part of timepiece constituted by 
stainless siseel such as austenitic stainless steel 
which is excellent in scratch resistance and has a 
specular surf aceN^ithout detriment to the. inherent 
excellent corrosion Resistance of stainless steel; the 
development of an exterior part of timepiece 
constituted by stainless Vteel such as austenitic 
stainless steel which is excellent in scratch 
resistance and has its surf acexprovided with mechanical 
finishing such as hairline finishing or honing without 
detriment to the inherent excellent Corrosion 
resistance of stainless steel; and the development of a 
process for producing such timepiece exterior parts. 

The timepiece exterior parts, for example, band 
pieces gas carburized at low temperatures such as 400 
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to 500°C as mentioned above are not furnished with a 
beautiful specular surface required for exterior 
ornamentation of timepieces, and the surface thereof is 
observed as "orange peel' 1 having fine unevennesses, 
despite the implementation of polishing. 

Ti^e reason is that, by the gas carburization , a 
greater amb^nt of carbon is diffused within the metal 
crystal grains csf stainless steel surface than in the 
metal crystal grain\oundaries . That is, when carbon 
is penetrated in the met^sl crystal grains, the metal 
crystal grains become -bulky a^d swell outward with the 
result that a thickness dif f erenck occurs between the 
crystal grains and the crystal grain &smndaries. When 
viewed from the surface of stainless steei\the crystal 
grains are higher than the crystal grain boundaries. 

The above height difference between the crystal, 
grains and the crystal grain boundaries cannot be 
eliminated despite the implementation of a sequence of 
treatments after the gas carburization, including 
pickling and mechanical polishing. As a result, the 
crystal grains are likely to be recognized as being 
lifted from the surface of stainless steel, and a 
multiplicity of lifted crystal grains are observed as 
fine unevennesses of stainless steel surface, i.e., 
"orange peel" . 
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This "orange peel" is a phenomenon which commonly 
occurs wherMot only stainless steel but also titanium, 
a titanium allo\and other metals for use in exterior 
ornamentation of tim^ieces are subjected, to surface 
hardening, for example, cSsrburizing at temperature 
which is close to the recrysta^lization temperature of 
the metal or below. In particular^ the orange peel is 
a phenomenon which occurs when surf acV hardening is 
performed at below a temperature slightW over the 
recrystallization temperature of the metarv 

Further, this "orange peel" is not limited to 
carburi zation wherein carbon is used as a solute atom, 
and is a phenomenon which commonly occurs when surface 
hardening is performed with the use of nitrogen or 
oxygen as a solute atom at temperature which is close 
to the recrystallization temperature of the employed 
metal or below. 

*>s^ordingly, there is a demand for the development 
of an exterbn^part of timepiece with an excellent 
appearance, const it?t*<ed by a metal which has a smooth 
or specular surface free oi "orange peel" even if the 
metal is subjected to surface h^dening at temperature 
which is close to the recrystallization temperature of 
the metal or below; and for the developmenKof a 
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psrocess for producing such an exterior part of 
timepiece . 

l\ is an object of the present invention to solve 
the above\problems of the prior art and to provide a 
decorative i\em comprising a basis material having a 
hardened layer,\f or example, a carburized layer 
extending from a surface thereof to an arbitrary depth, 
the basis material surface having a higher surface 
hardness, i.e., greate\ scratch resistance than that of 
the conventional decorative item, especially an 
exterior part of t imepieceV^ith such characteristic. 

It is another object ofVthe present invention to 
provide a decorative item comprising the above basis 
material with hardened layer, tHe decorative item 
having a surface furnished with golden color or other 
various tones without any lowering \f surface -hardness, 
i.e., without detriment to the scratch resistance 
thereof, especially an exterior part o\ timepiece with 
such characteristic. \ 

It is an additional object of the present 
invention to provide processes for producing the above 
decorative items. 

rc>4^further objects of the present invention to 
provide an exterior^a^tof timepiece constituted by 
stainless .steel such as austeruTfe-ic stainless steel 
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wH4ch is excellent in scratch resistance and has a 
specular surface without detriment to the inherent 
excellent 6fckrrosion resistance of stainless steel; to 
provide an exterior part of timepiece constituted by 
stainless steel such\s austenitic stainless steel 
which is excellent in scratch resistance and has its 
surface provided with mechanical finishing such as 
hairline finishing or honing without detriment to the 
inherent excellent corrosion resistance of stainless 
steel; and to provide a process for producing such 
timepiece exterior parts 

It is still further objects of the presei 
invention to provide an exterior oa^rTof timepiece with 
an^excellent appearance, ^pelfstituted by a metal which 

a smooth or spep*flar surface free of "orange peel" 
even if the me}>dlL is subjected to surface hardening at 
temperature which is close to the recrystallization 
temperature of the metal or below; and to provide a 
process for producing such an exterior part of 
timepiece - 

-3 MC LU I . UKE U \ i l Tl fe I N V LUT 1U N 

The decorative item of the present invention 
comprises : 
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aM^asis material having a hardened layer extending 
from a surf ace^U^ereof to an arbitrary depth wherein a 
solute atom is dif fusecK^o as to form a solid solution; 
and 

at least one hard coating dispose! on a surface of 
the hardened layer of the basis material^ 

The solute atom is generally at least one atom 
selected from the group consisting of carbon, nitrogen 
and oxygen atoms. 

basis material is preferably constituted of 
stainless st^^l, titanium or a titanium alloy. 

The hard coat^KLQ and the basis material at its 
surface may exhibit respective tones which are 
different from each other. 

The hard coating preferably a surface hardness 

greater than ' that of the basis material 

It is preferred that the hard coating be 
constituted of a nitride, carbide, oxide, nitrido- 
carbide or nit rido-carbido-oxide of an element 
belonging to Group 4a, 5a or 6a of the periodic table. 

The hard coating is preferably a hard coating of 
carbon . 

^?^rr^Q^£rniediate layer may be disposed between the 
hard coating of carborTlTnfr-^^ of the hardened 
layer of the basis material. 
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rt is preferred that the intermediate layer 
comprise ^slower layer of Ti or Cr disposed on the 
hardened layeK surface of the basis material and an 
upper layer of Si\or Ge disposed on a surface of the 
lower layer. \^ 

In the decorative ptem of the present invention, 
at least two hard coatingsNnay be formed on the 
hardened layer surface of theNoasis material/ or at 
least two hard coatings may be laminated on the 
hardened layer surface of the basisVaterial. 

Further, in the decorative item ok the present 
invention, the hard coating may be disposed on portion 
of the hardened layer surface of the basis \aterial. 

The decorative item of the present invention may 
further comprise a gold alloy coating disposed on a 
surface of the hard coating. 

It is preferred that the gold alloy coating be 
constituted of an alloy of gold and at least one metal 
selected from the group consisting of Al, Si, V, Cr, Ti, 
Fe, Co, Ni, Cu, Zn, Ge, Y, Zr, Nb, Mo, Ru, Rh, Pd, Ag, 
Cd, In, Sn, Hf, Ta, W, Ir and Pt . 

Th < n d n r n i^tive item is, for example, an exterior 
part of timepiece. " ■ 
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The process for producing a decorative item 
according to the present invention comprises the steps 
of: 

pa&Qviding a basis material of stainless steel 
having a haM^d layer extending from a surface 
thereof to an arbit ra>y<depth wherein a solute atom is 
diffused so as to form a solit^solution; and 

forming at least one hard coating on a surface of 
the hardened layer of the basis materials^ 

This process enables obtaining the above 
decorative item of the present invention, for example, 
an exterior part of timepiece such as a wristwatch band. 

Oh^form of exterior part of timepiece according 
to the preseiH.invention comprises a stainless steel 
having at its surfks a carburized layer wherein carbon 
is diffused therein so a^v^o form a solid solution 
(namely, exterior part of time^ce comprising a basis 
material of stainless steel providea s SLt its surface 
with a carburized layer) , 

wherein the carburized layer has a polished 
surface whose Vickers hardness (HV) is 500 or more. 
Preferably, the polished surface is specular. 
Another form of exterior part of timepiece 
according to the present invention comprises a 
stainless steel having at its surface a carburized 
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layer wherein carbon is diffused therein so as to form 
a solid solution, 

wherein the carburized layer has a machined 
surface . 

IX is preferred that the machined surface have a 
Vickers hais^ness (HV) of 500 or more. This exterior 
part of timepietss can be produced by machining a 
surface of an exteribr part of timepiece and thereafter 
carburizing the machined surface. 

One form of wristwatch bancS^f the present 
invention comprises a plurality of b^nd pieces of 
stainless steel connected to each otherX 

each of the band pieces having at its surface a 
carburized layer wherein carbon is diffused so as to 
form a solid solution, 

wherein the carburized layer has a polished 
surface whose Vickers hardness (HV) is 500 or more. 
Preferably, the polished surface is specular. 
Another form of wristwatch band of the present 
invention comprises a plurality of band pieces of 
stainless steel connected to each other, 

each of the band pieces having at its surface a 
carburized layer wherein carbon is diffused so as to 
form a solid solution, 
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wherein the carburized layer has a machined 
surface . 

ifrvj^hese wristwatch bands, the band pieces may be 
connected to exh other by means of connecting parts of 
stainless steel, each oK^he connecting parts having at 
at least portion of its surf ace^N^arburized layer 
wherein carbon is diffused so as to for^a solid 
solution. 

In the present invention, it is preferred that the 
wristwatch band be one produced by connecting the band 
pieces to each other by means of connecting parts, 
carburizing the band pieces and the connecting parts, 
and thereafter polishing surfaces of the band pieces. 

The wristwatch bands of the present invention may 
further comprise connecting parts having no carburized 
layer . 

One mode of process for producing a wristwatch 
band according to the present invention comprises the 
steps of: 

connecting a plurality of band pieces of stainless 
steel to each other by means of a plurality of 
connecting parts of stainless steel; 

fluorinating the band pieces and the connecting 
parts in a fluorogas atmosphere at 400 to 500°C; 
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gas carburizing the fluorinated band pieces and 
connecting parts in a carburizing gas atmosphere 
containing carbon monoxide at 400 to 500°C; 

pickling the carburized band pieces and connecting 
parts, followed by rinsing; and 

subjecting surfaces of the band pieces to barrel 
polishing . 

A wristwatch band having machined surfaces can be 
obtained by machining surfaces of the band pieces 
connected by means of the connecting parts prior to the 
fluori nation . 

Another mode of process for producing a wristwatch 
band according to the present invention comprises the 
steps of: 

fluorinating a plurality of band pieces of 
stainless steel and a plurality of connecting parts of 
stainless steel in a fluorogas atmosphere at 250 to 
600°C; 

gas carburizing the fluorinated band pieces and 
connecting parts in a carburizing gas atmosphere 
containing carbon monoxide at 400 to 500°C; 

pickling the carburized band pieces and connecting 
parts, followed by rinsing; 

subjecting surfaces of the band pieces to barrel 
polishing; and 
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connecting the band pieces by means of the 
connecting parts. 

A wristwatch band having machined surfaces can be 
obtained by machining surfaces of the plurality of band 
pieces prior to the fluorination. 



present invention comprises the steps-^-^f: 

connecting a plurality of pieces of stainless 
steel to each other by means of a plurality of 
connecting parts of stainless steel to obtain a base 
material for a timepiece exterior part of stainless 
steel other than a wristwatch band; ' 

fluorinating the base material in a fluorogas 
atmosphere at 250 to 600°C; 

gas carburizing the fluorinated base material in a 
carburizing gas atmosphere containing carbon monoxide 
at 400 to 5.00°C; 

pickling the carburized base material, followed by 
rinsing; and 

subjecting surfaces of the base material to barrel 




polishing . 



rior part of timepiece other than 



wristwatch band having macTTI: 



aces can be 
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o bLalnud by machi . g j jaa sur faces of the base material 

prior to the f luorination . " 1 ^ 

It is preferred that the wristwatch band of the 
present invention be one obtained by the above process 
for producing a wristwatch band according to the 
present invention . 

is also preferred that the exterior part of 
timepiece othet^-^^tljan" wristwatch band according, to the 
present invention be onet>to£ained by the above process 
10 for producing an exterior part of^fe^mepiece other than 
wristwatch band according to the present ri^ention. 

Austenitic stainless steel is preferably employed 
as the stainless steel for use in the present invention, 
further form of exterior part .of timepiece 
15 accordingNto the present invention comprises a metal, 
this metasL having at its surface a deformed layer 
containing a fibrb^s structure wherein metal crystal 
grains are deformed sbs.as to be fibrous, al least the 
deformed layer having a hardened layer wherein a solute 
20 atom is diffused so as to form a solid solution. 

The above deformed layer is\generally formed by 
application of a physical external force to' at least 
surface of the metal. In the present invention, it is 
preferred that the deformed layer be formed by 
25 application to the metal surface of a physicais, external 
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"roict?--Gafi^bleof drawing the metal surface 
substantially uni direct ionally^ ^- — _ 

"This deformed layer preferably extends from the 
metal surface to a depth of 2 to 100 ]im. 

The above hardened layer preferably extends from a 
surface of the deformed layer to a depth of 5 to 50 pin. 

The above solute atom may be at least one atom 
selected from the group consisting of carbon, nitrogen 
and oxygen atoms . 

The hardened layer preferably has a specular 
surface whose Vickers hardness (HV) is 500 or greater. 

^^TtTe-^^u^ces s for producing an exterior part of 
timepiece const itutecloF""31rsinJ_ess s teel according to 
the present invention comprises the steps^rfs^ 

applying a physical external force to a surface of 
stainless steel so as for at least the stainless steel 
surface to have a deformed layer containing a fibrous 
structure wherein metal crystal grains are deformed so 
as to be fibrous; and 

dissolving a solute atom in a surface of the 
deformed layer so as to form a solid solution therein, 
thereby effecting such a hardening that a. hardened 
layer is formed. 

It is preferred that the above deformed layer be 
formed by application to the stainless steel surface of 
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a physical external force capable of drawing the 
stainless steel surface substantially unidirectionally . 

This deformed layer may be formed by subjecting 
the stainless steel surface to at least one of 
polishing and grinding operations whereby a physical 
external force capable of drawing the stainless steel 
surface substantially unidirectionally is applied to 
the stainless steel surface. 

In particular, the deformed layer may be formed by 
subjecting the stainless steel surface to at least one 
of cutting and grinding operations to form a face of 
desired shape, and 

polishing the face of desired shape to form the 
deformed layer. 

/nrtreg-P ^ t ^ vel; y , the stainless steel surface may be 
subjected to grinding ^pe!^ioflto form not only a face, 
of desired shape but also the deformedla^fs^ 

The face of desired shape may be substantially 
flat, or may be curved. 

It is preferred that the deformed layer be so 
formed as to extend from the stainless steel surface to 
a depth of 2 to 100 jam. 

The hardened layer is preferably so formed as to 
extend from a surface of the deformed layer to a depth 
of 5 to 50 \xra. 
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The above solute atom may be at least one atom 
selected from the group consisting of carbon, nitrogen 
and oxygen atoms . 

Preferably, the hardened layer has a specular 
surface whose Vickers hardness (HV) is 500 or greater. 

'TTT^^jove deformed layer is generally formed in a 
surface of stainles^st^el of. a base material for 
timepiece exterior part produceSSay forging capable of 
realizing a high degree of deformation. 

The above hardening is generally carried out at a 
temperature which is close to the recrystallization 
temperature of the stainless steel or below. The 
hardening can be performed at temperature over the 
recrystallization temperature of the stainless steel. 
However, under such temperature conditions, the orange 
peel would not occur to make it unnecessary to form the 
deformed layer. 

Austenitic stainless steel is preferably employed 
as the stainless steel for use in the present invention. 

The terminology "exterior part of timepiece" used 
herein means, for example, a wristwatch band, bezel, 
casing, back lid, buckle and dial. 

BRIEF DESCRIPTION OF THE DRAWING^ 
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. Fig. 1 is a schematic view of the structure of 
band pieces produced in Example Al of the present 
invention. Fig. 2 is a schematic view of the structure 
of band pieces produced in Example A2 of the present 
invention. Fig. 3 is a schematic view of the structure 
of band pieces produced in Example A3 of the present 
invention. Fig. 4 is a schematic view of the structure 
of band pieces produced in Example A3 of the present 
invention. Fig. 5 is a schematic view showing a 
surface treatment for band pieces carried out in 
Example A4 of the present invention. Fig. 6 is a 
schematic view showing a further surface treatment for 
band pieces carried out in Example A4 of the present 
invention. Fig. 7 is a schematic view of the structure 
of band pieces produced in Example A5 of the present 
invention. Fig. 8 is a schematic view of the structure 
of band pieces produced in Example A5 of the present 
invention. Fig. 9 is a schematic view showing a 
surface treatment for band pieces carried out in 
Example A6 of the present invention. Fig. 10 is a 
schematic view of the structure of band pieces' produced 
in Example A6 of the present invention. Fig. 11 is a 
schematic view showing a surface treatment for band 
pieces carried out in Example A7 of the present 
invention. Fig. 12 is a schematic view showing a 
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further surface treatment for band pieces carried out 
in Example A7 of the present invention. Fig. 13 is a 
schematic view of the structure of band pieces produced 
in Example A7 of the present invention. Fig. 14 is a 
schematic view showing a surface treatment for band 
pieces carried out in Example A8 of the present 
invention. Fig. 15 is a schematic view showing a 
further surface treatment for band pieces carried out 
in Example A8 of the present invention. Fig. 16 is a 
schematic view of the structure of band pieces produced 
in Example A8 of the present invention. 

FF r c T MOP F. F^F ^AFP YTNH ^ r ?T THE TMVF . NTT^N 

The decorative item of the present invention and 
the process for producing the same will first be 
described below . 

T*he decorative item of the present invention 
comprises >a basis material having a hardened layer 
wherein a soluble atom is diffused so as to form a solid 
solution; and at Iseast one hard coating disposed on a 
surface of the hardened layer. Optionally, the 
decorative item may furrfaer comprise a gold alloy 
coating disposed on a surface of the hard coating. 



Basis m^teyj 
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The basis material for use in the decorative, item 
of the present invention can be, for example, any of 
stainless steel, titanium metals and titanium alloys. 

In particular, austenitic stainless steel is 
preferably employed as the stainless steel. 

The titanium metals refer to metallic materials 
based mainly on pure titanium,' and include, for example 
titanium type 1, titanium type 2 and titanium type 3 
specified in the Japanese Industrial Standards (JIS) . 

The titanium alloys refer to metallic materials 
comprising metals based mainly on pure titanium and, 
added thereto, aluminum, vanadium, iron or the like. 
The titanium alloys include, for example, titanium type 
60 and titanium type 60E specified in the Japanese 
Industrial Standards (JIS). Further, the titanium 
alloys include various other titanium alloys and 
various titanium-based intermetallic compounds. 

*TTTr<tJiepreserit invention, a solute atom is 
diffused in a surT^G^of the above basis material 
constituted of a metal or alloy^aQas to form a solid 
solution, thereby providing a hardened la^^. 

The above solute atom may be at least one atom 
selected from the group consisting of carbon, nitrogen 
and oxygen atoms. 
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Carbon atoms may be diffused in stainless steel, 
for example, austenitic stainless steel. Alternatively, 
nitrogen atoms together with oxygen atoms may be 
diffused in stainless steel. 

Nitrogen atoms together with oxygen atoms may be 
diffused in titanium or a titanium alloy. 

Alternatively, carbon atoms may be diffused in titanium 
or a titanium alloy. 

"""TTre^^aj^dened layer is preferably so formed as to 
extend from a surfac^i^the basis material to a depth 
of 5 to 50 jam. """" — —^^^^ 

Preferably, the hardened layer has a specular 
surface whose Vickers hardness (HV; loaded with 50 g) 
is 500 or greater. 

;he present invention, for example, the 
formation of aba^burized layer as the hardened layer 
in the basis material c£t*€^ituted of austenitic 
stainless steel containing no t3Tt>aj[iium metals is 
preferably carried out through the follb^ing process. 
(1) Fluorination : 
^Bsiore the formation of a carburized layer, it- is 
preferred tha^^Tre-J^sis material be fluorinated i-n a 
fluorogas atmosphere at 10(D^Cp^£lQ0°C, especially 150 to 
300°C. 
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The above austenitic stainless steel can be, for 

example, Fe-Cr-Ni-Mo stainless steel or Fe-Cr-Mn 

stainless steel. Stable stainless steel whose Ni 

content is minimized is preferably employed as the 

austenitic stainless steel in the present invention 

from the viewpoint of depth of carburized hardened 

layer and cost. From the viewpoint of corrosion 

resistance, however , stainless steel whose Ni content 

is high and containing a valence element Mo in an 

amount of about 1.5 to* 4% by weight is preferably 

employed. As the optimum austenitic stainless steel, 

there can be mentioned stainless steel obtained by 

adding 1.5 to 4% by weight of Mo to stable stainless 

steel whose chromium content is in the range of 15 .to 

25% by weight and wherein the austenitic phase is 

stable despite working effected at ordinary 

temperatures . 

The fluorogas for use in the above fluorination 

can be, for example, a gas of any of f luorocompounds 
such as NF 3 , CF 4 , SF 4 , C 2 F 5 , BF 3 , CHF3, HF, SFg, WFg, 

SiF 4 and CIF3. These f luorocompound gases can be used 

individually or in combination . Also, besides these 

gases, gases of other compounds containing fluorine in 

molecules thereof can be used as the above fluorogas. 
Further, F 2 gas formed by thermal cracking of these 
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f luorocompound gases by means of a thermal cracking 
apparatus or F 2 gas otherwise prepared in advance can 

be used as the above f luorogas . The above 

f luorocompound gases and F 2 gas can be used in an 

arbitrary combination. 

^Mftfi f luorogases such as the above f luorocompound 
gases and F^qas, although can be used alone, are 

generally diluted^^th an inert gas such as nitrogen 

gas or argon gas beforeW. The concentration of 

f luorogas per se in the diluted gas is generally in the 

range of 10, 000 to 100,000 ppm byNolume, preferably 

20,000 to 70,000 ppm by volume, and s«sll preferably 

30,000 to 50,000 ppm by volume. ' >v 

The fluorogas most favorably employed in the 
present invention is NF3. The NF3 is gaseous at 

ordinary temperatures and has high chemical stability, 
and its handling is easy. The NF3 gas is generally 

combined with nitrogen gas" and used at concentrations 
which fall within the above range. 

Ttte^^luorination of the present invention is 
carried out by diTsp^sing, for example, a basis material 
wrought into a given shape^^a fluorogas atmosphere of 
the above concentration at 100 to 5T>ft^C. The period of 
f luorination, although varied depending ontte type and 
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ssj^ze of fluorinated material, etc., is generally in the 
range\f ten-odd minutes to some hours. 

This f P&qrination leads to formation of a 
fluorinated coatir^5 s highly permeable for carbon atoms 
on the surface of basisSmaterial . Accordingly, the 
subsequent gas carburizatio\as hardening operation 
causes carbon atoms to penetrateS^nd diffuse from the 
surface of stainless steel to the internal part thereof, 
so that a carburized hardened layer can Bte formed 
easily. \. 

(2) Gas carburization : 

The thus fluorinated base material is gas 
carburized in a carburizing gas atmosphere containing 
carbon monoxide at 400 to 500°C, preferably 400 to 
480°C. 

The carburizing gas for use in this carburization 
contains carbon monoxide. as a carbon source gas. It is 
generally used in the form of a mixed gas composed of 
carbon monoxide, hydrogen, carbon dioxide and nitrogen. 

In the present invention, by virtue of the gas 
carburization at low temperatures ranging from 400 to 
500°C, crystalline chromium carbide such as Cr 2 3Cg 

would not precipitate in the carburized hardened layer 
to avoid consumption of chromium atoms of the 
austenitic stainless steel. As a result, the 
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carburized hardened layer can maintain excellent 
corrosion resistance. Further, by virtue of the low 
carburization temperature, bulking of crystalline 
chromium carbide such as Cr 2 3Cg, Cr i^3 or Cr 3 C 2 by the 

carburization would not occur, and strength lowering 
due to softening of the internal part of stainless 
steel would be slight. 

As a result of the above gas carburization, the 
carburized hardened layer (carbon diffusion penetration 
layer) is uniformly formed at the surface of the basis 
material constituted of austenitic stainless steel. 
Furthermore, the . above gas carburization would not lead 
to occurrence of crystalline chromium carbide and to ' 
consumption of chromium atoms of the basis material 
(also referred to as "base material") . As a result, 
the carburized hardened layer can maintain corrosion 
resistance that is substantially equal to the excellent 
corrosion resistance inherently possessed by the 
austenitic stainless steel.. 

A layer wherein mainly C and Fe of stainless steel 
are simultaneously present, probably "mill scale" 
containing iron oxides such as Fe 2 C>3, is formed on the 

surface of basis material after the gas carburization. 
(3) Pickling: 
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H&^r the above gas carburization, the basis 
material for debo^ative item, for example, the base 
material for exterior pa^^of timepiece is pickled. 
For example, the base material for^s^cterior part of 
timepiece is immersed in an acid solution^\ 

The acid solution for use in this pickling is not 
particularly limited. For example, it can be a 
solution of any of hydrofluoric acid, nitric acid, 
hydrochloric acid, sulfuric acid and ammonium fluoride. 
These acids can be used alone, and also can be used in 
the form of a solution of a mixture of ammonium 
fluoride and nitric acid, a mixture of nitric acid and 
hydrofluoric acid, a mixture of nitric acid and 
hydrochloric acid or a mixture of sulfuric acid and 
nitric acid. 

Although the concentration of acid solution can be 
appropriately determined, with respect to, for example, 
a solution of a mixture of nitric acid and hydrochloric 
acid, it is preferred that the nitric acid 
concentration range from about 15 to 40% by weight and 
that the hydrochloric acid concentration range from 
about 5 to 20% by weight. With respect to a nitric 
acid solution, it is preferred that the concentration 
thereof range from about 10 to 30% by weight . 
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The acid solution can be used at both ordinary 
temperatures and high temperatures. 

For the pickling, electrolysis may be performed 
with the use of an electrolytic solution such as nitric 
acid or sulfuric acid. 

The immersion time in the acid solution, although 
depending on the type of acid solution, is generally in 
the range of about 15 to 90 min. 

By virtue of this pickling, the iron contained in 
the mill scale formed on the surface of the base 
material for exterior part of timepiece, attributed to 
the carburization, is oxidized and diffused away to 
attain removal of the mill scale. However, only this 
pickling cannot accomplish complete removal of the mill 
scale. Further, the surface of hardened layer formed 
by the gas carburization is roughened by the 
dissolution of iron caused by the immersion in the acid 
solution. 

(4) Rinsing: 

^ter the above pickling, the basis material for 
decorative ic&m^for example, the base material for 
exterior part of time^i^^e is rinsed (washed) . 

By virtue of this rinsin^Xnot only is any mill 
scale being peeled from the base mat^sial for exterior 
part of timepiece washed away but also the^acid 
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s^iiition attaching to the base material for exterior 
part of timQ^iece is completely washed away so as to 
stop the advance oi^the roughening of carburized 
hardened layer by the acid solution . Despite the above 
pickling and rinsing, the milV^scale cannot be 
completely removed from the surfac^of the base 
material for exterior part of tirnepieceS^ 
(5) Polishing: 

Xfter the rinsing, the surface of the basis 
materials f or decorative item, for example, the base 
material f\r exterior part of timepiece is subjected to 
barrel pol'islring . 

For examples. ' the base material for exterior part 
of timepiece is set inside a barrel vessel of a barrel 
polishing machine. Preferably, walnut chips and 
alumina abrasive as poPishing mediums are placed in the 
barrel vessel. Barrel "poMshing is carried out for a 
period of about 10 hr to polSish the rough surface 
formed at the outermost surfack of carburized hardened 
layer as well as remaining mill scale. 

The mill scale formed on the surface of the base 
material for exterior part of timepiece can be 
completely removed by the combination o\ the above 
pickling, rinsing and barrel polishing. EWen if the 
base material for exterior part of timepiecX has 



Complex configuration, the mill scale can be completely 
remVed therefrom. Further, the base material for 
exterror part of timepiece can be polished by the 
barrel polishing so as to have a specular surface. 

When Vuff ing is carried out in place of the barrel 
polishing, iV is extremely difficult to completely 
remove the mild, scale formed on the surface of the base 
material for ex\erior part of timepiece. 

If the surfaVe hardness (HV) of the carburized 
layer after the barrel polishing is at least 500 as 
measured under a loa>d of 50 g, it is satisfactory as 
that of the exterior part of timepiece and other 
decorative items. It iSy preferred that the surface 
hardness (HV) be at least\600 as measured under a load 
of 50 g. \ 

In the present invention,, after the barrel 
polishing, the surface of the Wsis material for 
decorative item such as the basa material for exterior 
part of timepiece may further be miffed. 

After the buffing, if the surface hardness (HV) of 
the carburized layer is at least 500\as measured under 
a load of 50 g, it is satisfactory as Vhat of the 
exterior part of timepiece and other decorative items. 
It is preferred that the surface hardnessVHV) be at 
least 600 as measured under a load of 50 g.\ 
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Hard coating 



It is preferred that the hard coating as a 
constituent of the decorative item of the present 
invention be constituted of a nitride, carbide, oxide/ 
nitrido-carbide or nitrido-carbido-oxide of an element 
belonging to Group 4a, 5a or 6a of the periodic table. 
In particular, a hard coating of carbon is especially 
preferred. 

An intermediate layer can be disposed between this 
hard coating of carbon and a surface of the hardened 
layer of the basis material. 

It is preferred that the intermediate layer 
comprise a lower layer of Ti or Cr disposed on the 
hardened layer surface of the basis material and an 
upper layer of Si or Ge disposed on a surface of the 
lower layer. 

In the decorative item of .the present invention, 
at least two hard coatings may be formed on the 
hardened layer surface of the basis material, or at 
least two hard coatings may be laminated on the 
hardened layer surface of the basis material. 




may be disposed on portion 



sis material . 
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The hard coating as a constituent of the 
decorative item of the present invention may be one 
exhibiting a tone which is different from that of the 
surface of the basis material. 

The surface hardness of the hard coating is 
generally greater than that of the basis material . 

sp^c^fic methods of forming the above hard coating 
and specific mfe^fejiods of forming the intermediate layer 
disposed between theharf coating of carbon and the 
surface of hardened layer of^b^sis material will be 
described later with reference to Ex^nle A's. 

Gold alloy coating 

The decorative item of the present invention may 
further comprise a gold alloy coating disposed on the 
hard coating. 

It is preferred that the gold alloy coating be 
constituted of, for example, an alloy of gold and at 
least one metal selected from the group consisting of 
Al, Si, V, Cr, Ti, Fe, Co, Ni, Cu, Zn, Ge, Y, Zr, Nb, 
Mo, Ru, Rh, Pd, Ag, Cd, In, Sn, Hf, Ta, W, Ir and Pt . 

Specific methods of forming the above gold alloy 
coating will be described later with reference to 
Example A's. 
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Nfcw, the exterior part of timepiece according to 
the presenbs^invention and the process for producing the 
same will be described in detail. 

■ The exterior p^rt of timepiece according to the 
present invention can b\classif ied into a wristwatch 
band as obtained by connecting a plurality of band 
pieces of stainless steel to ea^h other by means of a 
plurality of connecting parts of stainless steel and an 
exterior part of timepiece other than\the wristwatch 
band. \ 

With respect to the band pieces and connecting 
parts constituting the former wristwatch band, at least 
the band pieces are carburized, preferably gas 
carburized, so that a carburized hardened layer is 
formed at the surface thereof. 

ii B irB^4^tter exterior part of timepiece other than 
the wristwatch baiTd-**4s also carburized, preferably gas 
carburized, so that a carburl^d hardened layer is 
formed at the surface thereof. ^""^^ 

In the production of the wristwatch band 
comprising a plurality of band pieces connected to each 
other by means of a plurality of connecting parts, not 
only the band pieces but also the connecting parts 
(connecting pins, length adjustment pins, etc.) are 
carburized, so that a hard carburized layer is formed 
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in the connecting parts in a region extending from the 
surface thereof to a depth of tens of microns (jam) . As 
a result, the hardness of the connecting parts is 
increased, so that, even if the band is stretched along 
the length thereof, the connecting parts, such as 
connecting pins and length adjustment pins, are 
resistant to bend or breakage. Therefore, even if 
extremely large external force is applied to the 
wristwatch band, accidental disconnection of band 
pieces is rare. Thus, the strength of the band 
comprising a large number of band pieces connected to 
each other is high. 

Upon the formation of the carburized hardened 
layer, it may occur that the elastic force of length 
adjustment pins is changed, and hence that detaching of 
the length adjustment pins becomes difficult, or 
contrarily easy. In such an instance, after the barrel 
polishing step and further buffing step, it is 
preferred to replace the carburized length adjustment 
pins by noncarburi zed length adjustment pins. 

In the above expression "with respect to the band 
pieces and connecting parts constituting the former 
wristwatch band, at least the band pieces are 
carburized, preferably gas carburized, so that a 
carburized hardened layer is formed at the surface 
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thereof", the terminology "at least the band pieces" 
means that, after the barrel polishing step and further 
buffing step, the carburized length adjustment pins may 
be replaced by noncarburized length adjustment pins. 

In the wristwatch band comprising a plurality of 
band pieces of stainless steel connected to each other 
by means of a plurality of connecting parts of 
stainless steel according to the present invention, not 
only the band pieces but also the connecting parts are - 
carburized, preferably gas carburized, before or after 
the connection of a plurality of band pieces by means 
of a plurality of connecting- part s . 

It is especially preferred that the stainless 
steel for use as the material of the wristwatch band or 
constituent parts thereof (band pieces or connecting 
parts) be austenitic stainless . steel . The stainless 
steel for use in the present invention does not contain 
titanium metals. 

The above austenitic stainless steel is a 
stainless steel whose at least 60% by weight has an 
austenite phase at ordinary temperatures. For example, 
there can be mentioned an Fe-Cr-Ni-Mo stainless steel 
or an Fe-Cr-Mn stainless steel. ' As the austenitic 
stainless steel for use in the present invention, while 
a stable stainless steel whose Ni content is minimized 
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is preferred from the viewpoint of depth of carburized 
hardened layer and cost, a stainless steel having a 
high Ni content and containing Mo being a valence 
element in an amount of about 1.5 to 4% by weight is 
preferred from the viewpoint of corrosion resistance. 
As the most suitable austenitic stainless steel, there 
can be mentioned one obtained by adding 1.5 to 4% by 
weight of Mo to a stable stainless steel having a 
chromium content of 15 to 25% by weight wherein the 
austenite phase is stable even if processed at ordinary 
temperatures. 

Machining 

In the present invention, the surface of the base 
materials for band pieces connected' to each other by 
means of connecting parts, or band pieces prior to 
connection, or personal ornaments, can be machined 
prior to the fluorination in order to obtain exterior 
parts of timepiece with surfaces having been subjected 
to machining, such as hairline finishing wherein a vast 
plurality of mutually parallel nicks are engraved or 
honing wherein a vast plurality of recessed portions 
are cut. 

With respect to the surface of the base materials 
for band pieces connected to each other by means of 
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connecting parts, or band pieces prior to connection, 
or personal ornaments, the carburized hardened layer 
formed in the surface by gas carburizing is so hard 
that machining thereof is extremely difficult. The 
machining is performed prior to the fluorination 
because of working convenience. 

The depth of hairline, honing recessed portions or 
the like, engraved by the above machining in the 
surface of the base materials for band, pieces or 
exterior parts of timepiece other than the wristwatch 
band, is naturally to be such that hairline or honing 
patterns appear even after barrel polishing and further 
buffing described later. In the machining, the depth 
of hairline, honing recessed portions or the like, 
although not particularly limited, is generally in the 
range of about 5 to 7 jim. After the barrel polishing 
and further buffing, the depth of hairline, honing 
recessed portions or the like is generally in the range 
of about 1 to 2 ym. 

Moreover,' in the present invention, the above 
machining can be performed on the surface having been 
polished by the barrel polishing and further buffing 
described later so as to be specular. With respect to 
the carburized layer, the concentration of carbon of 
solid solution is lowered in accordance with the 
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increase of the depth from the surface thereof, so that 
the hardness of the layer is decreased. Therefore, 
removing the region to about 1 - 2 jjiu from the 
extremely hard surface of carburized hardened layer by 
the barrel polishing and further buffing leads to 
slight lowering of the surface hardness of the 
carburized hardened layer. The resultant polished 
surface can be machined. 

This machining is not performed when the surface 
of the base materials for band pieces connected to each 
other by means of connecting parts, or band pieces 
prior to connection or exterior parts of timepiece 
other than the wristwatch band, is rendered specular. 

For causing both the specular surface and the 
machined surface to be simultaneously . present , 
conventional methods can be employed. For example, 
first masking portions to be rendered specular, 
subsequently machining and thereafter removing the mask 
enables machining only the nonmasked portions while the 
masked portions are specular. 

"^ij^respect to the surface hardness (HV) of the 
carburized layer^S^v^ng undergone the above machining, 
500 or greater under a loa^s^so g is satisfactory as 
the hardness of exterior parts of tirrfepiece. It is 



45 



pre i oi iulI Ll u i t the surface hardness be 600 or greater 
under a load of 50 g. " — ^ 

Fluoridation 

In the wristwatch band comprising a plurality of 
band pieces of stainless steel connected to each other 
by means of a plurality of connecting parts of 
stainless steel according to the present invention, not 
only the band pieces but also the connecting parts are 
fluorinated by heating them in a fluorogas atmosphere 
at 250 to 600°C, preferably 300 to 500°C, before or 
after the connection of a plurality of band pieces of 
stainless steel by means of a plurality of connecting 
parts of stainless steel. 

^i^o, in the exterior parts of timepiece other 
than the wrrss^watch band comprising band pieces 
connected to each o<her by means of connecting parts, 
the base material thereoMbase material for exterior 
parts of timepiece) is fluorin^ed by heating it in a 
fluorogas atmosphere at 250 to 600^by. preferably 300 to 
500°C. 

Fluorogases are employed in the f luorination . 

Examples of fluorogases employed in this 
f luorination, examples of preferred fluorogases, the 
fluorogas concentration in the use thereof and the 
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method of application thereof are the same as described 
hereinbefore with respect to the decorative item of the 
present invention and the process for producing the 
same . 

In the present invention, this fluorination is 
carried out, for example, by placing, after shaping 
into given morphology/ stainless steel band pieces and 
connecting parts for the wristwatch band, or wristwatch 
bezels, casings, back lids, dials, etc., in a 
fluorination furnace and heating them in a fluorogas 
atmosphere of the aforementioned concentration at 250 
to 600°C- The fluorination time, although depending on 
the type and size of materials to be fluorinated, is 
generally. in the range of ten-odd minutes to tens of 
minutes. 

As a result of this fluorination, the passive 
coating containing' Cr 2 03 formed at the surface of 

materials to be fluorinated is converted to a 
fluorinated coating. This fluorinated coating exhibits 
high penetrability for carbon atoms. Therefore, in the 
subsequent gas carburizing, carbon atoms are penetrated 
and diffused from the surface of stainless steel toward 
the internal part thereof, thereby enabling easily 
forming the carburized hardened layer. 
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Gas ca rburizing 
The thus fluorinated base materials for band 
pieces, connecting parts or other exterior parts of 
wristwatch are gas carburized at 400 to 500°C, 
preferably 400 to 480°C, in a carburizing gas 
atmosphere containing carbon monoxide. 

In the carburizing gas for use in this 
carburization, carbon monoxide is used as a carbon 
source gas. The carburizing gas is generally applied 
in the form of a mixed gas consisting ' of carbon 
monoxide and any of hydrogen, carbon dioxide and 
nitrogen . 

The carburization capability (carbon potential:. Pc 
value) of the carburizing gas is generally expressed by 
the formula: 

Pc = (Pco) 2 /Pco 2 

wherein Pco and Pco 2 represent the partial 
pressure of CO and partial pressure of C0 2 in the gas 
atmosphere, respectively. 

In accordance with the increase of this Pc value, 
the carburization capability is enhanced,, and the 
surface carbon concentration of stainless steel, for 
example, austenitic stainless steel is increased to 
increase the surface hardness, but the amount of soot 
formed in the gas carburization furnace is also 
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increased. However, even if the Pc value is set over a 
given limiting point, there is a limit in the surface 
hardness of resultant carburized hardened layer. On 
the other hand, in accordance with the decrease of the 
Pc value, the carburization capability is diminished , 
and the surface carbon concentration of austenitic 
stainless steel is lowered to result in lowering of the 
surface hardness. 

In the present invention, by lowering the gas 
carburization temperature to 400 to 500°C, 
precipitation of crystalline chromium carbide such as 
Cr 23 c 6 in the carburized hardened layer and hence 

consumption of chromium atoms in the austenitic 
stainless steel can be avoided to enable maintaining 
the excellent corrosion resistance of the carburized 
hardened layer. Further, because of the low 
carburization temperature, not only can bulky 
enlargement of chromium carbides by the carburization 
be avoided but also the strength lowering by softening 
of the internal part of stainless steel is slight. 

By virtue of this gas carburization, the 
carburized hardened layer (layer wherein carbon is 
diffused and penetrated) is homogeneously formed at the 
surface of the base materials for austenitic stainless 
steel band pieces and connecting parts thereof, or 
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other austenitic stainless steel exterior parts of 
timepiece. 

None of crystalline chromium carbides such as 
Cr 23 c 6' Cr 7 c 3 and Cr 3 c 2' is forced in the above 
carburized hardened layer, and only ultrafine metal 
carbides with a particle diameter of 0.1 jam or less are 
recognized by an observation through a transmission 
electron microscope. As a result of spectral analysis 
with the use of a transmission electron microscope, it 
is found that the ultrafine metal carbides have the 
same chemical composition as that of the base material 
and are not crystalline chromium carbides. In the 
carburized hardened layer, carbon atoms are penetrated 
and diffused in the metal lattice of the base material 
and do not form chromium carbides. The carburized 
hardened layer consists of the same austenitic phase as 
that of the base material. Because of the penetration 
and dissolution of a large amount of carbon atoms, the 
carburized hardened layer suffers a conspicuous lattice 
strain. By virtue of a combined effect attained by the 
ultrafine metal carbides and the lattice strain, a 
hardness enhancement of the carburized hardened layer 
is realized. Thus, a Vickers hardness (HV) as high as 
700 to 1050 can be attained. Furthermore, because the 
above gas carburizing does not lead to formation of 



50 



crystalline chromium carbides and to consumption of 
chromium atoms in the base material, the carburized 
hardened layer has the same level of excellent 
corrosion resistance as that inherently possessed by 
the austenitic stainless steel. 

An extremely thin mill scale is formed on the gas 
carburized surface of the base materials for band 
pieces and connecting parts thereof, or other exterior 
parts of timepiece. 

Pickling 

l^ie base materials for band pieces and connecting 
parts the^s^f, or other exterior parts of timepiece, 
after the abovesgas carburizing, are pickled in the 
same manner as described hereinbefore with respect to 
the decorative item of tha present invention and the 
process for producing the sam^v For example, the base 
materials for band pieces and connoting parts thereof, 
or other exterior parts of timepiece ark immersed in an 
acid solution . 

Iron contained in the mill scale, which has been 
formed on the surface of the base materials for band 
pieces and connecting parts thereof, or other exterior 
parts of timepiece as a result of the carburizing, is 
oxidized and diffused in the acid solution by the 
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pickling. Thus, the mill scale is removed. However, 
the mill scale cannot be completely removed by the 
pickling only. Moreover, the surface of band pieces, 
etc., namely the surface of the carburized hardened 
layer formed by the gas carburizing, is roughened 
because of the dissolution of iron caused by the 
immersion in the acid solution. 

Rinsing 

After the above pickling, the base materials for 
band pieces and connecting parts thereof, or other ■ 
exterior parts of timepiece, are rinsed. 

This rinsing enables not only washing away any 
mill scale being peeled from the base materials for 
band pieces and connecting parts thereof, or other - 
exterior parts of timepiece, but also completely 
washing away the acid solution sticking to the base 
materials for band pieces and connecting parts thereof, 
or other exterior parts of timepiece, so as to avoid 
further advance of roughening of the carburized 
hardened layer by the acid solution. However, the mill 
scale formed on the surface' of the base materials for 
band pieces and connecting parts thereof, or other 
exterior parts of timepiece, cannot be completely 
removed by the above pickling and rinsing. 
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Barrel polishing 
The rinsed surface of the base materials for band 
pieces and connecting parts thereof, or other- exterior 
parts of timepiece, is subjected to barrel polishing. 

For example, the base materials for the wristwatch 
band obtained by connecting band pieces to each other 
by means of connecting parts, or band pieces and 
connecting parts prior to connection, or other exterior 
parts of timepiece, are disposed inside a barrel vessel 
of a barrel polishing apparatus. Polishing mediums, 
preferably walnut chips and alumina abrasive, are 
placed in the barrel vessel. A barrel polishing is 
performed over a period of about 10 hr, thereby 
removing 'rough faces formed on the outermost surface of 
the carburized hardened layer, of band pieces, etc. and 
also the mill scale remaining on the outermost surface. 

The mill scale formed on the surface of the base 
materials for mutually connected band pieces, 
unconnected band pieces, connecting parts to be 
employed for connecting band pieces to each other, or 
other exterior parts of timepiece, can be completely 
removed by sequentially carrying out the pickling, the 
rinsing and the barrel polishing. Even if the base 
materials for these exterior parts of timepiece have 
complex configuration, the mill scale can be completely 
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removed. When the . machining such as hairline finishing 
is not effected, the surface of the base materials for 
mutually connected band pieces, unconnected band pieces, 
connecting parts to be employed for connecting band 
pieces to each other, or other exterior parts of 
timepiece, can be rendered specular by this barrel 
polishing . 

In the event that buffing is performed in place of 
the barrel polishing, it is very difficult to 
completely remove the mill scale formed on the surface 
of the base materials for mutually connected band 
pieces, unconnected band pieces, connecting parts to be 
employed for connecting band pieces to each other, or 
other exterior parts of timepiece. 

With respect to the surface hardness (HV) of the 
carburized layer having • undergone the above barrel 
polishing, 500 or greater under a load of 50 g is 
satisfactory as the hardness of exterior parts of 
timepiece. It is preferred that the surface hardness 
be 600 or greater under a load of 50 g. 

Buffing 

After the barrel polishing, the surface of the 
base materials for band pieces, mutually connected band 
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pieces, or other exterior parts of timepiece, may 
further be buffed. 

With respect to the surface hardness (HV) of the 
carburized layer having undergone the above buffing, 
500 or greater under a load of 50 g is satisfactory as 
the hardness of exterior parts of timepiece. It is 
preferred that the surface hardness be 600 or greater 
under a load of 50 g . 

Connection of a plurality of band pieces 
Unconnected band pieces are connected to each 
other by means of connecting parts to thereby obtain a 
completed wristwatch band. 

Another form of exterior part of timepiece 
according to • the present invention and the process for 
producing the same will be described in detail below. 

First, another form of exterior part of timepiece 
according to the present invention will be described. 

Another form of exterior part of timepiece 
v ?m-etiigrf orm of exterior part of timepiece 
according to the pr§>^Qt invention comprises a metal, 
this metal having at' its surf^xa deformed layer 
containing a fibrous structure where irT^TTe^al crystal 
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"^iiisare deformed so as to be fibrous, al least the 
deformed layelc^^uj^a hardened layer wherein a solute 
atom is diffused so as to fon^^s^id solution. 

The metal for constituting this exterior part of 
timepiece can be, for example, any of stainless steel, 
titanium metals and titanium alloys. In particular, 
stainless steel, especially austenitic stainless steel, 
is preferably employed as the above metal. 

The above deformed layer is a layer provided at a 
metal surface and containing a fibrous structure 
wherein metal crystal grains are deformed so as to be 
fibrous. For forming the fibrous structure wherein 
metal crystal grains are deformed so as to be fibrous, 
it is needed to apply a physical external force to at 
least surface of the metal. It is preferred that the 
deformed layer be formed by application to the metal 
surface of a physical external force capable of drawing 
the metal surface substantially unidirectionally . 

As means for applying the physical external force 
to the metal surface, there can be mentioned polishing 
or grinding . 

As the polishing, there can be mentioned, for 
example, customary buffing or burnishing. 

In the present invention, the metal surface can be 
sequentially burnished and buffed. Also, prior to the 
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buffing or burnishing of the metal surface, the metal 
surface can be subjected to barrel polishing. Further, 
.grinding or cutting can be performed on the metal 
surface prior to the buffing or burnishing of the metal 
surface . 

It is preferred that the .deformed layer extend 
from the metal surface to a depth of 2 to 100 juti. 

In the present invention, a hardened layer wherein 
a solute atom is diffused so as to form a solid 
solution is formed at the surface of the above deformed 
layer, so that, after the formation of the hardened 
layer as well, the metal crystal grains are fibrous. 
As a result, no height difference occurs between 
crystal grains and crystal grain boundaries to 
disenable viewing any orange' peels by the naked eye. 
Therefore, exterior parts of timepiece having a smooth 
or specular surface can be obtained. This smooth or 
specular surface may be planar, or curved. 

It is preferred that the hardened layer extend 
from a surface of the deformed layer to a depth of 5 to 
50 \im . 

The solute atom is at least one atom selected from 
the group consisting of carbon, nitrogen and oxygen 
atoms . 
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The specular surface of the hardened layer 
preferably exhibits a Vickers hardness (HV) of 500 or 
greater . 

Process fp r produ ci n g ano ther form of exterior 
part of timfipifirp 

(Formation of deformed layers 
In the above other* form of exterior part of 
timepiece according to the present invention, a 
physical external force is applied to a surface of 
stainless steel so as for- at least the stainless steel 
surface to have a deformed layer containing a fibrous 
structure wherein metal crystal grains are deformed so 
as to be fibrous. 

This deformed layer is preferably formed by 
application to the stainless steel surface of a 
physical external force capable of drawing the 
stainless steel surface substantially unidirectionally . 

As means for applying the physical external force 
to the metal surface, there can be mentioned polishing 
or grinding. 

As the polishing, there can be mentioned, for 
example, customary buffing or burnishing. 

In this burnishing, the base material for an 
exterior part of timepiece is fixed on the 
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circumferential surface of a rotary wheel so that the 
upper surface of the base material is arranged outwards. 
Subsequently, the rotary wheel is rotated, and diamond 
or an ultrahard tool (for example, tungsten or carbide) 
is pressed to the upper surface of the base material to 
polish the upper surface of the base material." 

In the present invention, the metal surface can be 
sequentially burnished and buffed. Also, prior to the 
buffing or burnishing of the metal surface, the metal 
surface can be subjected to barrel polishing. Further, 
grinding or cutting can be performed on the metal 
surface prior to the buffing or burnishing of the metal 
surface . 

In this grinding, the upper surface of the base 
material for an exterior part of timepiece is pressed 
to a grinding wheel (emery wheel) being rotated so that 
the upper surface of the base material for an exterior 
part of timepiece is ground by abrasive grains of the 
grinding wheel. In the present Invention, grinding is 
performed with a grinding power moderated. The method 
of moderating the grinding power, for example, 
comprises using less coarse abrasive grains in the 
grinding wheel, or reducing the number of such abrasive 
grains, or reducing the amount of grinding agent. 
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In the present invention, the deformed layer can 
be formed by subjecting the stainless steel surface to 
at least one of cutting and grinding operations to form 
a face of desired shape, and polishing the face of 
desired shape to form the deformed layer. 
Alternatively, not only a face of desired shape but 
also the deformed layer can be formed by grinding the 
stainless steel surface. 

The face of desired shape may be substantially 
flat, or curved. 

With respect to the individual means for applying 
a physical external force, the order of preference is: 
burnishing > buffing > grinding > cutting. 
In the present invention, it is especially 
preferred to employ grinding and buffing in combination. 

It is preferred that the deformed layer be so 
formed as to extend from the stainless steel surface to 
a depth of 2 to 100 jam. 

In the present invention, the above deformed layer 
is generally formed at the surface of stainless steel 
as the base material for an exterior part of timepiece, 
produced by forging (cold forging or hot forging) 
ensuring a large extent of deformation. 

(Formation of hardened lay^r) 
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Now, a hardened layer is formed by subjecting the 
surface of the thus formed deformed layer to such a 
hardening that a solute atom is diffused in the surface 
of the deformed layer so as to form a solid solution 
therein. 

At least one atom selected from the group 
consisting of carbon, nitrogen and oxygen atoms is used 
as the above solute atom. - For example, carbon atoms 
are diffused in the austenitic stainless steel, or 
nitrogen and oxygen atoms are diffused in titanium or a 
titanium alloy. Alternatively, carbon atoms are 
diffused in titanium or a titanium alloy. 

The hardened layer is preferably so formed as to 
extend from the surface of the deformed layer to a 
depth of 5 to 50 (irn. 

Preferably, the hardened layer has a specular 
surface t whose Vickers hardness (HV). is 500 or greater. 

\the present invention, for example, when a 
carburized ^ba^er as the hardened layer is formed on the 
surface of the de^b^med layer obtained in the above 
manner in the basis mate^al for an exterior part of 
timepiece, constituted of ausb^nitic stainless steel 
containing no titanium metals, an\cterior part of 
timepiece is preferably produced through the following 
process. \, 
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Specif ically, in this process, it is preferred 
that, before the formation of a carburized layer, the 
basis material for an exterior part of timepiece having 
the deformed layer provided at the surface thereof.be • 
fluorinated in a fluorogas atmosphere at 100 to 500°C, 
especially 150 to 300°C. 

The above austenitic stainless steel can be, for 
example, Fe-Cr-Ni-Mo stainless steel or Fe-Cr-Mn 
stainless steel. Stable stainless steel whose Ni 
content is minimized is preferably employed as the 
austenitic stainless steel in the present invention 
from the viewpoint of depth of carburized hardened 
layer and cost. From the viewpoint of corrosion 
resistance, however, stainless steel whose Ni content 
is high and containing a valence element Mo in an 
amount of about 1.5 to 4% by weight is preferably 
employed. As the optimum austenitic . stainless steel, 
there can be mentioned stainless steel obtained by 
adding 1.5 to 4% by weight of Mo to stable stainless 
steel whose chromium content is in the range of 15 to 
25% by weight and wherein the austenitic phase is 
stable despite working effected at ordinary 
temperatures . 

Examples of fluorogases employed in this 
f luorination, examples of preferred fluorogases, the 



fluorogas concentration in the use thereof and the 
method of application thereof are the same as described 
. hereinbefore with respect to the decorative item of the 
present invention and the process for producing the 
same . 

In the present invention, this fluorination is 
carried out, for example, by placing, after shaping 
into given morphology, stainless steel band pieces for 
the wristwatch band, or wristwatch bezels, casings, 
back lids, dials, etc., in a fluorination furnace and 
heating them in a fluorogas atmosphere of the 
aforementioned concentration at 100 to 500°C. The 
fluorination time, although depending on the type and 
size of materials to be fluorinated, is generally in 
the range of ten-odd minutes to some hours. 

This fluorination leads to formation of a 
fluorinated coating highly permeable for carbon atoms 
on the surface of the deformed layer. Accordingly, the 
subsequent gas carburization as hardening operation 
causes carbon atoms to penetrate and diffuse from the 
surface of stainless steel to the internal part thereof, 
so that a carburized hardened layer can be formed 
easily. 

The thus fluorinated base material for an exterior 
part of timepiece is gas carburized in the same manner 
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as described above with respect to the exterior part of 
timepiece (including wristwatchr band) of the present 
invention and the process for producing the same. That 
is, the fluorinated base material is gas carburized in 
a carburizing gas atmosphere containing' carbon monoxide 
at 400 to 500°C, preferably 400 to 480°C. 

In the present invention, by virtue of the gas 
carburization at low temperatures ranging from 400 to 
500°C, crystalline chromium carbide such as Cr 2 3Cg 

would not precipitate in the carburized hardened layer 
to avoid consumption of chromium atoms of the 
austenitic stainless steel. As a result, the 
carburized hardened layer can maintain excellent 
corrosion resistance. Further, by virtue of the low 
carburization temperature, bulking of chromium carbides 
by the carburization would not occur, and strength 
lowering due to softening of the internal part of 
stainless steel would be slight. 

By virtue of this gas carburization, the 
carburized hardened layer (layer wherein carbon is 
diffused and penetrated) is homogeneously formed at the 
surface of the austenitic stainless steel base 
materials for exterior parts of timepiece. 

None of crystalline chromium carbides such as 
Cr 23 c 6' Cr 7 c 3 and Cr 3 c 2' is formed in the above 
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carburized hardened layer, and only ultrafine metal 
carbides with a particle diameter of 0 . 1 ^ or less are 
recognized by an observation through a transmission 
electron, microscope. As a result of spectral analysis 
with the use of a transmission electron microscope, it 
is found that the ultrafine metal carbides .have the 
same chemical composition as that of the base material 
and are not. crystalline chromium carbides. In the 
carburized hardened layer, carbon atoms are penetrated 
and diffused in the metal lattice of the base material 
and do not form chromium carbides. The carburized 
hardened layer consists of the same austenitic phase as 
that of the base material. Because of the penetration 
and dissolution of a large amount of carbon atoms, the 
carburized hardened layer suffers a conspicuous lattice 
strain. By virtue of a combined effect attained by the 
ultrafine metal carbides and the lattice strain, a 
hardness enhancement of the carburized hardened layer' 
is realized. Thus, a Vickers hardness (HV) as high as 
700 to 1050 can be attained. Furthermore, because the 
above gas carburizing does not lead to formation of 
crystalline chromium carbides and to consumption of 
chromium atoms in the base material, the carburized 
hardened layer has the same level of excellent 
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corrosion resistance as that inherently possessed by 
the austenitic stainless steel. 

An extremely thin mill scale is formed on the gas 
carburized surface of the base materials for exterior 
parts of timepiece. 

The thus gas carburized base materials for 
exterior parts of timepiece are pickled in the same 
manner as described hereinbefore with respect to the-- 
decorative item of the present invention and the 
process for producing the same. 

Iron contained in the mill scale, which has been 
formed on the surface of the base materials for 
exterior parts of timepiece as a result of the 
carburizing, is oxidized and diffused by this pickling. 
Thus, the mill scale is removed. However, the mill 
scale cannot be completely removed by the pickling only. 
Moreover, the surface of the carburized hardened layer 
formed by the gas carburizing is roughened because of 
the dissolution of iron caused by the immersion in an 
acid solution. 

After the above pickling, the base materials for 
exterior parts of timepiece are rinsed. 

This rinsing enables not only washing away' any 
mill scale being peeled from the base materials for 
exterior parts of timepiece, but also completely 
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washing away the acid solution sticking to the base 
materials for exterior parts of timepiece, so as to 
avoid further advance of roughening of the carburized 
hardened layer by the acid solution. However, the mill 
scale formed on the surface of the base materials for 
exterior parts of timepiece cannot be completely 
removed by the above pickling and rinsing. 

The surface of the base materials for exterior 
parts of timepiece after the rinsing is subjected to 
barrel polishing. 

For example, the base materials for exterior parts 
of timepiece are disposed inside a barrel vessel of a 
barrel polishing apparatus. Polishing mediums, 
preferably walnut chips and alumina abrasive, are 
placed in the barrel vessel. A barrel polishing is 
performed over a period of about 10 hr, thereby 
removing rough faces formed on the outermost surface of 
the carburized hardened layer and also the mill scale 
remaining on the outermost surface. 

The mill scale formed on the surface of the base 
materials for exterior parts of timepiece can be 
completely removed by sequentially carrying out the 
pickling, the rinsing and the barrel polishing. Even 
if the base materials for exterior parts of timepiece 
have complex configuration, the mill scale can be 
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completely removed. Further, the surface of the base 
materials for exterior parts of timepiece can be 
rendered specular by this barrel polishing. 

In the event that buffing is performed in place of 
the barrel polishing, it is very difficult to 
completely remove' the mill scale formed on the surface 
of the base materials for exterior parts of timepiece. 

With respect to the surface hardness (HV) of the 
carburized layer having undergone the above barrel 
polishing, 500 or greater under a load of 50 g is 
satisfactory as the hardness of exterior parts of 
timepiece. It is preferred that the surface hardness 
be 600 or greater under a load of 50 g. 

In the present invention, after the barrel 
polishing, the surface of the base materials for 
exterior parts of timepiece may further be buffed. 

With respect to the surface hardness (HV) of the 
carburized layer having undergone the above buffing, 
500 or greater under a load of 50 g is satisfactory as 
the hardness of exterior parts of timepiece. It is 
preferred that the surface hardness be 600 or greater 
under a load of 50 g.v 
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The decorative item of the present invention 
comprises a basis material having a hardened layer 
extending from a surface thereof to an arbitrary depth 
wherein a solute atom is diffused so as to form a solid 
solution; and at least one hard coating disposed on a 
surface, of the hardened layer of the basis material.. 
By virtue of this structure, the decorative item has an 
enhanced surface hardness and hence is excellent in 
scratch resistance . 

Further, the decorative item of the present 
invention can have a gold alloy coating superimposed on 
an entire surface or part of surface of the above hard 
coating. Therefore, the decorative item can exhibit 
golden color or other various tones without detriment 
to the surface hardness to have enhanced ornamental 
value. 

The process for producing a decorative item 
according to the invention enables obtaining the above 
decorative item, such as an exterior part of timepiece, 
according to the present invention with high 
productivity . 

Moreover, according to the present invention, 
there can be provided an exterior part of timepiece 
(including a wristwatch band) of stainless steel, 
especially austenitic stainless steel, which is 
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excellent in scratch resistance and has a specular 
surface without "detriment to the excellent corrosion 
resistance inherently possessed by austenitic stainless 
steel; an exterior part of timepiece (including a 
wristwatch band) of stainless steel, especially 
austenitic stainless steel, which is excellent in 
scratch resistance and has a surface subjected to 
machining, such as hairline finishing or honing, 
without detriment to the excellent corrosion resistance 
inherently possessed by austenitic stainless steel; and 
processes for producing these exterior parts of 
timepiece . 

pother form of exterior part of timepiece 
according ths^the present invention comprises a metal as 
a base materialNherefor, the metal having at its 
surface a deformed iWr containing a fibrous structure 
wherein metal crystal grains are deformed so as to be 
fibrous, al least the deforrt^d layer having a hardened 
layer wherein a solute atom is cliff used so as to form a 
solid solution. By virtue of this Structure,, the 
exterior part of timepiece has a smooth\or specular 
surface free of "orange peel" and is thus \cellent in 
appea.rance . \^ 

The process for producing another form of exterior 
part of timepiece according to the present invention 
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enables providing the above other form of exterior part 
of timepiece with excellent appearance according to the 
present invention . 

Example 

The present invention will be further illustrated 
below with reference to the following Examples, which 
in no way limit the scope of the invention. 

[Examples relating to the decorative item of the 
present invention and the process for producing the 
same] 

Example Al 

A base material of austenitic stainless steel SUS 
316 was shaped by hot forging, cold forging, cutting 
and drilling and the like into wristwatch band pieces. 

A plurality of band pieces were rotatably 
connected to each other by inserting connecting parts 
in pinholes provided by drilling in each of the band 
pieces. The surface of the thus connected band pieces 
was buffed or otherwise polished so as to become 
specular. Thus, wristwatch bands were completed. 

In each wristwatch band comprising a large number 
of band pieces connected to each other, some of the 
band pieces are those wherein each is separable from 
neighboring band pieces so as to enable regulating the 
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band length in conformity with the size of the wrist of 
the wearer, i.e., band pieces for length regulation. 
The band pieces other than the length regulation band 
pieces are those which are connected to each other so 
that each is not easily separable from neighboring band 
pieces . 

As the connecting parts, use was. made of 
connecting parts for connecting length regulation band 
pieces to each other (length regulation pins) and 
connecting parts for connecting other band pieces to 
each other (connecting pins, split pipes and knurled 
pins ) . 

The wristwatch bands were placed in a metallic 
muffle furnace and heated. The temperature was raised 
to 480°C, and a fluorogas (mixed gas consisting of 5% 
by volume of NF 2 and 95% by volume of N 2 ) was blown 

into the muffle furnace for 15 min. Thus, the 

wristwatch bands were fluorinated. 

The fluorogas was discharged from the muffle 

furnace. While blowing a carburizing gas (mixed gas 
consisting of 10% by volume of CO, 20% by volume of H 2 , 

1% by volume of C0 2 and 69% by volume of N 2 ), the 

wristwatch bands were held in the muffle furnace at 
480°C for 12 hr, thereby carburizing the wristwatch 
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bands. The wristwatch bands were taken out from the 
muffle furnace. 

Formation of mill scale was observed on the 
surface of the wristwatch bands having been carburized 
and taken out. 

The wristwatch bands were immersed in an acid 
aqueous solution containing 3 to 5% by volume of 
ammonium fluoride and 2 to 3% by volume of nitric acid 
for 20 min. 

As a result of this pickling, iron, contained in 
the mill scale formed on the surface of band pieces was 
oxidized and diffused, so that most of the mill scale 
was removed. Further, no mill scale was observed on 
interfaces of mutually neighboring band pieces, pinhole 
inside walls, and connecting parts for connecting band 
pieces to each other, in particular, connecting pins, 
split pipes and length regulation pins. 

However, the surface of band pieces, namely the 
surface of the carburized layer formed by the 
carburization, was roughened by the dissolution of iron 
caused by the immersion in the acid aqueous solution. 

The pickled wristwatch bands were rinsed. 

The rinsed wristwatch bands were disposed inside a 
barrel vessel of a barrel polishing apparatus. Walnut 
chips and alumina abrasive as polishing mediums were 
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placed in the barrel vessel. A barrel polishing was 
performed over a period of about 10 hr, thereby 
removing rough faces formed on. the outermost surface of 
the carburized layer of band pieces. As a result of 
5 this barrel polishing, a region of the carburized layer, 
extending from the surface thereof to a depth of 1 to 2 
jim was removed, and the surface of band pieces, namely 
the outermost surface of the carburized layer, became 
specular. 

10 The wristwatch bands with a specular surface, 

obtained by the above processing, was excellent in 
scratch resistance and maintained the same excellent 
corrosion resistance as inherently possessed by SUS 316. 
The surface hardness (HV) of the carburized layer 

15 reached 700 under a load of 50 g. 

In the above process, because a large nuittber of 
band pieces were collected and formed into each 
wristwatch band before being subjected to the 
f luorination, gas carburizing, pickling, rinsing and 

20 barrel polishing, handling of the band pieces was easy 
to realize a high productivity. Labor and time 
consumed in the processing were reduced, thereby 
enabling ■ lower ing processing cost. 

The connecting parts were also carburized so that 

25 a hard carburized layer was formed in a region of each 
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of the connecting parts extending from the surface 
thereof to a depth of tens of microns (jam) As a 
result, the hardness of the connecting parts was 
increased, so that bending or breakage of connecting 
pins and length regulation pins was seldom, even when 
the wristwatch band was stretched along the length 
thereof . 

However, the connecting parts such as connecting 
pins and length regulation pins remain held in the 
pinholes provided in band pieces by drilling, so that 
it is difficult to remove the mill scale formed on the 
connecting parts by pickling and polishing- In the 
event that mill scale remains on the connecting parts 
after the pickling and polishing, it is desirable to 
replace the connecting parts with mill scale remaining 
thereon by new .connecting, parts.. This replacement 
leads to formation of wristwatch bands whose connecting 
parts only are not furnished with carburized layers. 

Among the connecting parts, when mill scale 
remains on length regulation pins, pulling the length 
regulation pins out of the band pieces becomes 
difficult, so that it becomes difficult to regulate the 
band length in conformity with the size of the wrist of 
the wearer. In that event, it is desirable to replace 
only the length regulation connecting parts, among the 
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connecting parts, by new connecting parts. This 
replacement leads to formation of wristwatch bands 
whose length regulation connecting parts only are not 
furnished with carburized layers. 

A golden hard coating was formed on the carburized 
layer of each of the band pieces. 

Referring to Fig. 1, TiN coating 3 constituted of 
titanium nitride, as a golden hard coating, was formed ■ 
by the ion plating technique being a dry plating 
technique on carburized layer 2 formed at a surface of 
band piece 1. 

The method of forming the TiN coating 3 will be 
described below. 

Wristwatch band furnished with carburized layer 2 
was rinsed with an organic solvent such as isopropyl 
alcohol and disposed in an ion plating apparatus....... 

Common ion plating apparatus can be employed, so that a 
description . and drawing with respect to the ion plating 
apparatus will be omitted herein. 

The ion plating apparatus was exhausted to 1.0 x 
10" 5 Torr, and thereafter an argon gas as an inert gas 
was introduced therein up to 3.0 x 10~ 3 Torr. 

A thermionic filament and a plasma electrode 
disposed inside the ion plating apparatus were operated 
to produce argon plasma. Simultaneously, a voltage of 
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-50 V was applied to the wristwatch band, and a 

bombardment cleaning of the wristwatch band was 

performed for 10 min. 

The introduction of argon gas was discontinued, 

and a nitrogen .gas was introduced in the ion plating 

apparatus up to 2 . 0 x 10" 3 Torr. 

Subsequently, plasma was produced by means of an 

electron gun disposed inside the ion plating apparatus. 

In the plasma, titanium was evaporated for 10 min, so 
that 0.5 urn thick TiN coating 3 was formed on an entire 
surface of the wristwatch band, i.e., the carburized 
layer 2 of the band pieces 1. 

Because the TiN coating 3 had the same optical 
characteristics as gold, the thus obtained wristwatch 
bands exhibited homogeneous golden tone. This enabled 
enhancing the ornamental value of the wristwatch bands . 

The surface hardness (HV). of the band pieces 1 
covered with the TiN coating 3 reached 800 under a load 
of 50 g. The band pieces 1 covered with the TiN 
coating 3 had excellent resistances to wear, corrosion 
and scratch. 

The scratch resistance of the band pieces 1 having 
undergone surface hardening (carburization) was 
increased by the above formation of the TiN coating 3 
which was harder than the carburized layer 2. 
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The dry plating method is not limited to the above 
ion plating technique, and use can be made of common 
means such as the sputtering technique or vacuum 
evaporation coating (vacuum deposition) technique. 

The golden hard coating formed by the dry plating 
method can be constituted of a nitride, carbide, oxide, 
nitrido-carbide or nitrido-carbido-oxide of any of the 
elements of Groups 4a, 5a and 6a of the periodic table 
(Ti, Zr, Hf , V, Nb, Ta, Cr, Mo and W) . 

When M represents an element of Group 4a, 5a or 6a 
of the periodic table and a nitride of M is represented 
by MNx, the smaller than 1 the value of x representing 
the degree of nitriding, the closer to light . yellow the 
golden tone of the coating of the nitride MNx. On the 
other hand, the greater than 1 the value of x 
representing the degree of nitriding, .the more reddish 
the golden color of the coating. When the value of x 
representing the degree of nitriding is in the range of 
0.9 to 1.1, a golden color close to the tone of gold or 
a gold alloy can be realized by the coating of the 
nitride MNx. .In particular, when the value of x 
representing the degree of nitriding satisfies x = 1, 
the coating of the nitride MNx is not only a hard 
coating with satisfactory hardness but also exhibits a 
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golden color most close to the tone of gold or a gold 
alloy. 

With respect to the carbide, oxide, nitrido- 
carbide or nitrido-carbido-oxide of element M of Group 
4a, 5a or 6a of the periodic table as well, the coating 
thereof can be endowed with a golden color most close 
to the tone of gold or a gold alloy by controlling the 
degree of carbonization, oxidation or nitriding so as 
to fall within a given range. 

The TiN coating and a ZrN coating are especially 
preferred because these are not only hard coatings with 
satisfactory hardness but also exhibit a golden color 
most close to the tone of gold or a gold alloy. 

When the thickness of the coating of .the nitride. 
MNx is extremely small, the coating cannot have 
effective resistances to'wear, corrosion and scratch... 
On the other hand, when the thickness is extremely 
large, the time required for coating formation is 
prolonged to unfavorably increase coating cost. 
Accordingly, the thickness of the coating of the 
nitride MNx is preferably controlled so as to fall 
within the range of 0.1 to 10 jum, still preferably 0.2 
to 5 jam. 
Example A2 
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A hard coating with a tone different from that of 
Example Al was formed on the band pieces furnished with 
carburized layers in the same manner as in Example Al . 

Referring to Fig. 2, TiC coating 4 . constituted of 
titanium carbide, as a hard coating with white tone, 
was formed by a dry plating technique on carburized 
layer 2 formed at a surface of band piece 1. 

According to the ion plating technique being a dry 
plating technique, titanium was evaporated in an 
ethylene gas atmosphere, and TiC coating 4 was formed 
on a surface of band piece 1. Other coating conditions 
were the same as in Example Al . 

The thus obtained wristwatch bands, by virtue of 
the formation of TiC coating 4, exhibited homogeneous 
white tone. This enabled enhancing the ornamental 
value . of .the wristwatch bands. . ..„.„... 

The surface hardness (HV) of the band pieces 1 
covered with the TiC coating 4 reached 800 under a load 
of 50 g. The band pieces. 1 covered with the TiC 
coating 4 had excellent resistances to wear, corrosion 
and scratch . 

The scratch resistance of the band pieces 1 having 
undergone surface hardening (carburization) was 
increased by the above formation of the TiC coating 4 
which was harder than the carburized layer 2. 
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Example A3 

A carbon hard coating as a hard coating with black 
tone was. formed on the band pieces furnished with 
carburized layers in the same manner as in Example Al . 
The carbon hard coating, because of having excellent 
characteristics similar to those of. diamond, is widely 
known as diamondlike carbon (DLC) ... 

Referring to Fig. 3, black carbon hard coating 5 
was formed by a dry plating technique on carburized 
layer 2 formed at a surface of band piece 1. 

The method of forming the carbon hard coating 5 
was, for example, as follows. 

First, wristwatch band furnished with carburized 
layer 2 was rinsed with an organic solvent such as 
isopropyl alcohol and disposed in a vacuum apparatus. 
According to the radio-frequency plasma XVD technique., 
2 \xm thick carbon hard 'coating 5 was formed on the 
carburized layer 2 under the following conditions: 
[coating conditions] 
gas species: methane gas, 
coating pressure: 0.1 Torr, 
high-frequency power:- 300 watt,, and 
coating rate: 0.1 jam per minute. 
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As a result, the carbon hard coating 5 was formed 
on, the carburized layer 2 with high adherence 
therebetween.:. 

The thus obtained wristwatch bands, by virtue of . 
the formation of carbon hard coating 5, exhibited 
homogeneous black tone. This enabled enhancing the 
ornamental value of the wristwatch bands. 

The surface hardness (HV) of the band pieces 1 
covered with the carbon hard coating '5 reached 3000 to 
5000. The scratch resistance of the band pieces 1 
having undergone surface hardening (carburization) was 
increased by the above formation of the carbon hard 
coating 5 which was harder than the carburized layer 2. 

The thickness of the carbon hard coating 5 was 
preferably controlled so as to fall within the range of 

.0 . 1 to.„ 5_ |im^ still . preferably 0 . 5 ..to 3 jam. 

The formation of carbon hard coating 5 can be 
accomplished by, besides the above RFP-CVD technique, 
various gas-phase coating methods such as the DC plasma 
CVD technique and the ECR technique. Alternatively, 
physical evaporation coating methods such as the - ion 
beam technique, the sputtering technique and the ion 
plating technique may be employed. 

Moreover, referring to Fig. 4, it is preferred to 
provide intermediate layer coating 6 between the 
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carburized layer 2 and the carbon hard coating 5, 
because the adherence of the carbon hard coating 5 to 
the surface of the band piece 1 is increased. 

The method of forming the intermediate, layer 
coating 6 was, for example, as follows. 

Ti coating 6a with a thickness of 0.1 ^im was 
formed on the carburized layer 2 by a dry plating 
method, for example, the sputtering technique. Further, 
Si coating 6b with a thickness of 0.3 |um was formed on 
the Ti coating 6a by the sputtering technique. 

Thereafter, the carbon hard coating 5 with a 
thickness of . 2 jim was formed on the Si coating 6b, by, 
for example, the radio-frequency plasma CVD technique 
under the aforementioned conditions. 

The above . Ti coating 6a can be replaced by a 
chromium.,lCr) coating.. The above Si, coating. 6b can ,be_ 
replaced by a germanium (Ge) coating. 

The intermediate layer (coating) may be 
constituted of a single layer of a carbide of Group IVa 
or Va metal, in place of the above laminate coating. 
In particular, a coating of a titanium carbide 
containing excess carbon is preferred from the 
viewpoint of a high adherence strength to the carbon 
hard coating. 
Example A4 
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A hard coating with golden tone was formed on part 
of a surface of each of the band pieces furnished with 
carburized layers in the same manner as in Example Al . 

.Referring to Fig. 7, TiN coating 7 constituted of 
titanium nitride, as a hard coating with golden tone, 
was formed by the ion plating technique being a dry 
plating technique on part of a surface of band piece 1. 

The method of forming the golden TiN coating 7 on 
a part of surface will be described below. 

First, referring to Fig. 5, desired part of each 
of respective surfaces of band pieces 1 furnished with 
carburized layers 2 was printed with an organic masking 
agent, or masking ink, of epoxy resin to. form masking 
layer 8 . 

Subsequently, the band pieces 1 having the masking 

layer 8 formed thereon, were rinsed with an organic 

solvent such as isopropyl alcohol and disposed in an 
ion plating apparatus. 

Common ion plating apparatus can be employed, so 
that a description and drawing with respect to the ion 
plating apparatus will be omitted herein. 

The ion plating apparatus was exhausted to 1.0 x 
10~5 Torr, and thereafter an argon gas as an inert gas 
was introduced therein up to 3.0 x 10~ 3 Torr. Then, a 
thermionic filament and a plasma electrode disposed 
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inside the ion plating apparatus were operated to 
produce argon plasma. Simultaneously, a voltage of -50. 
V was applied to each of the band pieces .1, and a 
bombardment cleaning thereof was performed for 10 min. 

The introduction of argon gas was discontinued, 
and a nitrogen gas was introduced in the ion plating 
apparatus up to 2 . 0 x 10" 3 Torr. Subsequently, plasma 
was produced by means of a plasma gun disposed inside 
the ion plating apparatus. In the plasma, titanium was 
evaporated for 10 min, .so that, referring to Fig. 6, 
TiN coating 7 was formed on the surface of each of 
respective hardened layers 2 of band pieces 1 and TiN; . 
coating 7a on the surface of the masking layer 8, both 
with a total coating thickness of 0.5 jam. 

The masking layer 8 was swelled with the use of 
ethyl ..methyl... ketone . ( EMK ) or .a stripping solution 
obtained by adding formic acid and hydrogen peroxide to 
ethyl methyl ketone (EMK) , and the masking layer 8 and 
the TiN coating 7a superimposed thereon were stripped 
off by the liftoff method. 

Thus, there were obtained band pieces having parts 
covered with the TiN coating 7 to exhibit golden tone 
and parts not covered with any TiN coating to exhibit 
silvery white of stainless steel, as shown in Fig. 7. 
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This enabled enhancing the ornamental value of the 
wristwatch bands. 

As masking means, use can be made of mechanical 
masking means in place of the providing of chemical 
masking layer described in this Example. That is, 
masking can be accomplished by covering arbitrary parts 
of band pieces with metallic caps before the formation 
of titanium nitride (TiN) coating and removing the 
metallic caps after the formation of titanium nitride 
coating. When this masking means is employed, no 
titanium nitride coating is formed on parts of. band . 
pieces covered with the metallic caps, while a titanium 
nitride coating is formed on parts of band pieces not 
covered with the metallic caps. 

In this Example, although the titanium nitride 
..coating ...was . employed as the hard coating formed on., 
parts of surfaces of band pieces 1, the golden hard 
coating formed by the dry plating method can also be 
constituted of a nitride, carbide, oxide, nitrido- 
carbide or nitrido-carbido-oxide of any of the elements 
of Groups 4a, 5a and 6a of the periodic table, as 
mentioned in Example Al . 

In particular, when the titanium carbide coating 
employed in Example A2 is formed on parts of surfaces 
of band pieces 1, ^there can be obtained band pieces 
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having parts covered with the titanium carbide coating 
to exhibit white tone and parts not covered with any 
titanium carbide coating to exhibit silvery white of . 
stainless steel. 

Alternatively, when the carbon hard coating 
employed in Example A3 is formed on parts of surfaces 
of band pieces 1, there can be obtained band pieces 
having parts covered with the carbon hard coating to 
exhibit black tone and parts not covered with any 
carbon hard coating to exhibit silvery white of 
stainless steel. 
Example A5 

A hard coating with golden tone was formed on the 
surface of band pieces furnished with carburized layers 
in the same manner as in Example Al . Further, a gold 
alloy coating was f ormed . on .the. golderi hard coating., . . 

Referring to Fig. 8, TiN coating 9 constituted of 
titanium nitride, as a hard coating with golden tone, 
was formed by the ion plating technique being a dry 
plating technique on the surface of band piece 1 
furnished with carburized layer 2. Gold-titanium alloy 
coating 10 as a gold alloy coating was formed on the 
TiN coating 9. 
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The method of forming the TiN coating 9 and ^old- 
titanium alloy coating 10 of this Example will be. 
described below. 

First, bands furnished with carburized layers 2 
were rinsed with an organic solvent such as isopropyl 
alcohol and disposed in an ion plating apparatus . 
Common ion plating apparatus can be employed, so that a 
description and drawing with respect to the ion plating 
apparatus will be omitted herein. 

The ion plating apparatus was exhausted to 1.0 x 
10~5 Torr, and thereafter an argon gas as an . inert gas 
was introduced therein up to 3 . 0 x 10~ 3 Torr. 

Then, a thermionic filament and a plasma electrode 
disposed inside the ion plating apparatus were operated 
to produce argon plasma. Simultaneously, a voltage of 
-50 V . was ,applied.,.to .each of . the ..band pieces ...1 ,. . and a 
bombardment cleaning thereof was performed for 10 min . 

Subsequently, plasma was produced by means of a 
plasma gun disposed inside the ion plating apparatus. 
In the plasma, titanium was evaporated for 10 min, so 
that 0.5 jam thick TiN coating 9 was formed on the 
entire surface of band pieces 1. 

Thereafter, the evaporation of titanium and the 
introduction of argon gas were discontinued, and the 
ion plating apparatus was exhausted to 1.0 x 10~ 5 Torr. 
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An argon gas was introduced in the ion plating 
apparatus up to 1 . 0 x 10~ 3 Torr, and plasma was 
produced- In the plasma, a gold-titanium mixture 
consisting of 50 atomic % of gold and 50 atomic % of 
titanium was evaporated, thereby forming gold-titanium 
alloy coating 10. When the thickness of gold-titanium 
alloy coating 10 became 0.3 pm, the evaporation of the 
gold-titanium mixture was terminated. 

The thus obtained band pieces exhibited . . 

homogeneous golden tone. This enabled enhancing the 
ornamental value of the wristwatch bands. Further, the 
formation of gold-titanium alloy coating 10 as an 
outermost layer coating enabled obtaining wristwatch 
bands which exhibited golden tone having greater warmth 
than that of the TiN coating 9. This enabled lending 
...enhanced . beauty, .to. the .wristwatch . bands . 

Generally, the gold alloy coating per se cannot 
have effective resistances to wear, corrosion and 
scratch unless the thickness thereof is greater than 10 
jam. Gold is a very expensive metal. Therefore, 
increasing the thickness of the gold alloy coating 
invites an extreme increase of coating cost. However, 
in this Example, the hard TiN coating was provided 
under the outermost layer coating constituted of a gold- 
alloy. This TiN coating has excellent resistances to 
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wear, corrosion and scratch, so that the outermost 
layer coating constituted of a gold alloy can be 
thinned. Accordingly, in this Example, there is such 
an advantage that the usage of expensive gold can be 
reduced by the sequential formation of TiN coating and 
thin gold alloy coating, thereby enabling lowering 
coating cost. 

Although the thin formed outermost layer coating 
constituted of a gold alloy might be partially worn to 
expose the underlying TiN coating, any partial wearing 
of the outermost layer coating would never be 
conspicuous. The reason is that the TiN coating has- 
the same optical characteristics as gold and exhibits 
golden tone. Even if the outermost layer coating 
constituted of a gold alloy with golden tone is 
partially., worn,., .the underlying. TiN ,„coa,ting... with 
same golden tone is exposed there. Therefore, even if 
the outermost layer coating constituted of a gold alloy 
is thinned, the wearing is not visible to enable 
maintaining the beauty of wristwatch bands as a 
personal ornament and the ornamental value thereof. 

In this Example, although the titanium nitride 
coating was employed as the hard coating, the golden 
hard coating formed by the dry plating method can also 
be constituted of a nitride, carbide, oxide, nitrido- 
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carbide or nitrido-carbido-oxide of any of the elements 
of Groups 4a, 5a and 6a of the periodic table. 

The gold alloy coating can be, besides the. above 
gold-titanium alloy coating, a coating constituted of 
an alloy of gold and at least one metal selected from 
the group consisting of Al, Si, V, Cr, Fe, Co, Ni, Cu, 
Zn, Ge, Y, Zr, Nb, Mo, Ru, Rh, Pd, Ag, Cd, In, Sn, Hf , 
Ta, W, Ir and Pt . 

. However, when personal ornaments covered with 
coatings of some gold alloys selected from among the 
above combinations are brought into contact with the 
skin, metal ions may be leached by an electrolytic 
solution such as sweat and have a possibility for 
causing metal allergy when contacted with human skin 
.equipped with the personal ornaments. In particular,' 
leached nickel ions. .are...known.,as. the metal ion. .for ... . \ 
which the greatest number of metal allergy cases are 
reported. In contrast, iron is the metal for which the 
number of metal allergy cases is extremely small. No 
metal allergy case has been reported with respect to 
titanium. Therefore, . from the viewpoint of metal 
allergy, it is preferred that the gold alloy coating as 
the outermost layer coating be constituted of a gold- 
iron alloy or a gold-titanium alloy. 
Example A6 
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. The gold alloy coating described in Example A5 may 
further be formed only on the hard coating with golden 
tone partially formed on the surface of band pieces 
furnished with carburized layers as described in 
Example A4 . 

The method of partially forming TiN coating 11 
constituted of titanium nitride as a- hard coating with 
golden tone and gold-titanium alloy coating 12 as a 
gold alloy coating will be briefly described with 
reference to Figs. 9 and 10. 

First, referring to Fig. 9, desired part of each 
of respective surfaces of band pieces 1 furnished with 
carburized layers 2 was printed with an organic masking 
agent, or masking ink, of epoxy resin to form masking 
layer 8. 

- - — Sub-sequent ly, the -..band -pieces- 1 having the masking 

layer 8 formed thereon were rinsed with an organic 
solvent such as isopropyl alcohol and disposed in an 
ion plating apparatus. 

According to the ion plating technique being a. dry 
plating technique, TiN coating 11, 11a was formed on 
the surface of carburized layers 2 of band pieces 1 and 
the surface of the masking layer 8 so that the total 
coating thickness became 0.5 jam. Thereafter, 0.3 jam 
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thick gold-titanium alloy coating 12, 12a was formed on 
the TiN coating^ 11, 11a. 

The masking layer 8 was swelled with the use of 
ethyl methyl ketone (EMK) or a stripping solution " 
obtained by adding formic acid and hydrogen peroxide to 
ethyl methyl ketone (EMK) , and the masking layer 8 and 
the TiN coating 11a and gold-titanium alloy coating 12a 
superimposed thereon were stripped off by the liftoff 
method. 

Thus, there were obtained wrist'watch bands having 
parts covered with the TiN coating 11 and gold-titanium 
alloy coating 12 to exhibit golden tone and parts not 
covered with such coatings to exhibit silvery white of 
stainless steel, as shown in Fig. 10. 

In this Example, as mentioned in Example A5, use 
.can... be. .made^of. various. 'hard coatings other .thaa^tlie^..,^.^ 
titanium nitride coating. Also, use can be made of 
various gold alloy coatings other than the gold- 
titanium alloy coating. 
Example A7 • 

The first hard coating was formed on the surface 
of band pieces furnished with carburized layers in the 
same manner as in Example Al . Further, the second hard 
coating with tone different from that of the first hard 
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coating was formed on part of the surface of the first 
hard coating. 

Referring to Fig. 11, golden tone TiN coating 3 
constituted of titanium nitride. as the first hard 
coating was formed on the surface of band pieces 1 
furnished with carburized layers 2 in the same manner 
as in Example Al . Masking layer 13 was formed on 
desired part of the surface of the TiN coating 3 by, 
for example, printing with an organic masking agent, or 
masking ink, of epoxy resin. 

Subsequently, referring to Fig. 12, white tone TiC. 
coating 14 constituted of titanium carbide as the 
second hard coating was formed on the surface of the. 
TiN coating 3, and the TiC coating 14a. on the surface 
of the masking layer 13, in the same manner as in 

Example A2 . .., _ _ .... , „ 

Thereafter, the masking layer 13 was swelled with 
the use of a stripping solution, and the masking layer 
13 and the TiC coating 14a superimposed thereon were 
stripped off by the liftoff method. 

Thus, there were obtained band pieces having parts 
exhibiting white tone of the TiC coating 14 
superimposed on the. surface of golden TiN. coating 3 and 
parts exhibiting golden tone of the TiN coating 3, as 
shown in Fig. 13. This enabled enhancing the 
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ornamental value of the wristwatch bands. Further, the 
scratch resistance of the surface-hardened (carburized)' 
band pieces 1 was increased by the superirnposit ion of 
the TiN coating 3 and TiC coating 14 harder than the 
carburized layers 2. 

In this Example, as in Example A5, use can be. made 
of various hard coatings other than the titanium 
nitride and titanium carbide coatings. Also, either of 
the first hard coating and the second hard coating can 
be replaced by the carbon hard coating of Example A3. 
The types of masking layer 13 and stripping solution 
can appropriately be selected in conformity with the 
type of such coatings. 

When M represents an element of Group 4a, 5a or 6a 
of the periodic table and a nitride of M is represented 
by MNx,. t b-PtJb-...i.he_f irs.t...hard. .coating. ...and . the second hard 
coating can be constituted of MNx. If the first hard 
coating and the second hard coating are constituted so 
that the value of x representing the degree of 
nit.riding of the former is different from that of the 
latter, the tone of the first hard coating can be 
differentiated from that of the second hard coating. 
This is true with' respect to the carbide, oxide, 
nitrido-carbide and nitrido-carbido-oxide as well. 
Example A8 
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^rst hard coating was formed on part of the 
surface of ban^SRieces furnished with carburized layers 
in the same manner as i^Example Al. Further, the 
second hard coating with toneMjiferent from that of 
the first hard coating was formed orN^her part of the 
surface of band pieces . 

Referring to Fig. 14, golden tone TiN coating 7 
constituted of titanium nitride as the first hard 
coating was formed on part of the surface of band 
. pieces 1 furnished with carburized layers 2 in the same 
manner as in Example A4 . Masking layer 15 was formed 
on the surface of the TiN coating 7 and desired part of 
the surface of band pieces 1 continuing therefrom. 

Subsequently, referring to Fig. 15, white tone TiC 
coating 16 constituted of titanium carbide as the 

-second hard coating was formed on the TiN coat.ing-.-X,.... ...... 

the masking layer 15 and remaining part of the surface 
of band pieces 1, in the same manner as in Example A2 . 

Thereafter, the masking layer 15 was swelled , with 
the use of a stripping solution, and the masking layer 
15 and the TiC coating 16 superimposed thereon were 
stripped off by the liftoff method. 

Thus, there were obtained triple color band pieces 
having parts covered with the TiN coating 7 to exhibit 
golden tone, parts covered with the TiC coating 16 to 
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exhibit white tone and parts where the surface of band 
pieces 1 is exposed, as shown in Fig. 16. This enabled 
enhancing the ornamental value of the wristwatch- bands. 

Selection of the first hard coating, and second 
hard coating and selection of the stripping solution 
and masking layer are the same as described in Example 
A7 . The same gold alloy coating as described in 
Example A5 may be formed on either or both of the first 
hard coating and the second hard coating. 

Although the ion plating technique was employed as 
the dry plating method in the above Examples A2 :and A4 
to A8, use can be made of other common coating forming 
methods such as the sputtering technique and vacuum 
evaporation coating technique. 

In all the above Examples, the invention was 
described with reference ...to band, pieces for., wristwatch 
bands. However, the present invention is also 
applicable to items for accommodating mechanical or 
electronic driving mechanism, such as a wristwatch 
casing. Still further, the present invention is 
applicable to all other decorative items (including 
components thereof) . 

[Examples relating to the exterior part of 
timepiece according to the present invention and the 
process for producing the same] 
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Example Bl 

A base material of austenitic stainless steel SUS 
316 was shaped by hot forging, cold forging, cutting 
and drilling into wristwatch band pieces.. 

. A plurality of band pieces were rotatably 
connected to each other by inserting connecting parts 
in pinholes provided by drilling in each of the band 
pieces. The surface of the thus connected band pieces, 
was buffed or otherwise polished so as to become 
specular. Thus, wristwatch bands were completed. 

In each wristwatch band comprising a large number 
of band pieces connected to each other, some of the 
band pieces are those wherein each is separable from 
neighboring band pieces so as to enable regulating the 
band length in conformity with the size of the wrist of 
the. wearier /„_i..,.e.^.t._b T anid_ t .Rijeces_.. for ...length . regulation . 
The band pieces other than the length regulation band 
pieces are those which are connected to each other so 
that each is not easily separable from neighboring band 
pieces- As the connecting parts, use was made of 
connecting parts for connecting length regulation band 
pieces to each other (length regulation pins) and 
connecting parts for . connecting other' band pieces to 
each other (connecting pins, split pipes and. knurled 
pins) . 



98 



The .wristwatch bands were placed in, a metallic 

muffle furnace and heated. The temperature was raised ' 

to 480°C, and . a' f luorogas (mixed gas consisting of 5% 
by volume of NF 2 and.95% by volume of N 2 ) was blown 

into the muffle furnace for 15 min. Thus, the 

wristwatch bands were fluorinated. 

ThB fluorogas was discharged from the muffle 

furnace, while blowing a carburizing gas (mixed gas 
consisting of lu^by volume of CO, 20% by volume of'H 2 , 

1% by volume of C0 2 abd 69% by volume of N 2 ), the 

wristwatch bands were held 3si the muffle furnace at 
4.80°C for 12 hr, thereby carburiz^ig the wristwatch 
bands. The wristwatch bands were takefKout from the 
muffle furnace. 

Formation of mill scale was observed on the 
..surf ace of ._ the wristwatch bands having been carburized 
and taken out. 

The wristwatch bands . were immersed in an acid 
aqueous solution containing 3 to 5% by volume of 
ammonium fluoride and 2 to 3% by volume of nitric acid 
for 20 min. 

As a result of this pickling, iron contained in 
the mill scale formed on the surface of band pieces was 
oxidized and diffused, so that most of the mill scale 
was removed. Further, no mill scale was observed on 
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interfaces of mutually neighboring band pieces, pinhole 
inside walls, and connecting parts for connecting band 
pieces to each other, in particular, connecting pins, 
split' pipes and length regulation pins. 

However, the surface of band pieces, namely the 
surface of the carburized layer formed by the 
carburization, was roughened by the dissolution of iron 
caused by the immersion in the acid aqueous solution. 

The pickled wristwatch bands were rinsed. 

The rinsed wristwatch bands were disposed inside a 
barrel vessel of a barrel polishing apparatus. Walnut 
chips and alumina abrasive as polishing mediums were 
placed in . the barrel vessel. A barrel polishing was 
performed over a period of about 10 hr, thereby 
removing rough faces formed on the outermost surface of 

-the. .carburized layer of band. .. pieces . . As,., a res.ul.t.....oL. 

this barrel polishing, a region of the carburized layer 
extending from the surface thereof to a depth of 1 to 2 
|-im was removed, and the surface of band pieces, namely 
the outermost surface of the carburized layer, became 
specular. 

The wristwatch bands with a specular surface, 
obtained by the above processing, was excellent in 
scratch resistance and maintained the same excellent 
corrosion resistance as inherently possessed by SUS 316. 
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In the above process, because a large number of band 
pieces were collected and formed into each . wristwatch 
band before being subjected to the above processing 
steps, labor and time consumed in the processing were 

.5 reduced, thereby enabling lowering processing cost. 

Tfc^e connecting parts were also carburized so that 
a hard caraa^ized layer was formed in a region of each 
of the connect in^jparts extending from the surface 
thereof to a depth ofxtens of microns (jam) . As a 
10 result, the hardness of the connecting parts was 

increased, so that bending orN^reakage of connecting 
pins and length regulation pins wa^i seldom, even when 
the wristwatch band was stretched alonbL the length 
thereof . \. 

15 In this Example Bl, because a large number of band 

pieces. „ were. .c^o 1 1 e c t e d. . a nd . f o rmed .into .each wristwatch 
band before being subjected to the f luorination, gas 
carburizing, pickling, rinsing and barrel polishing, 
handling of the band pieces in these processing steps 

20 was easy to realize a high productivity. 
Example 32 

Wristwatch bands were produced in the same manner 
as in Example Bl, except that, before the f luorination, 
a multiplicity of hairlines were formed along the band 
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length on outer surfaces (when worn round the wrist, 
surfaces arranged outside) of band pieces. 

The resultant wristwatch bands had hairline- 
finished surfaces, which were excellent in scratch 
resistance and maintained the same excellent corrosion 
resistance as inherently possessed by SUS 316. 
Sample B3 

Bezels finished so as to have a specular surface 
were produced in the same manner as in Example Bl, 
except that the wristwatch bands were replaced by 
bezels for wristwatch. 

The resultant bezels were excellent in scratch 
resistance and maintained the same excellent corrosion 
resistance as inherently possessed by SUS 316. 
Example B4 

--..Casings finished so as to, ... have a specular surface.... 

were produced in the same manner as in Example Bl, 
except that the wristwatch . bands were replaced by 
casings for wristwatch. 

The resultant casings were excellent in scratch 
resistance and maintained the same excellent corrosion 
resistance as inherently possessed by SUS 316. 
Example B5 

Back lids finished so as to have a specular 
surface were produced in the same manner as in Example 
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Bl, except that the wristwatch bands were replaced by 
back lids for wristwatch. 

The resultant back lids were excellent in scratch 
resistance and maintained the . same excellent corrosion 
resistance as inherently possessed by SUS 316. 
Example B6 

Dials finished so as to have a specular surface 
were produced in the same manner as in Example Bl, 
except that the wristwatch bands were replaced by dials 
for wristwatch. 

The resultant dials were excellent in scratch 
resistance and maintained the same excellent corrosion 
resistance as inherently possessed by SUS 316. 

[Examples relating to the other form of exterior 
.part of ...timepiece according to the.. present invention, 
and the process for producing the same] 
Example CI 

A rodlike material of austenitic stainless steel 
SUS 316 was provided. The rodlike material had a 
rounded rectangular section conforming to . the 
morphology of wristwatch band pieces. The rodlike 
material was sliced at intervals conforming to band 
piece widths. 
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Pinholes for insertion of connecting pins were 
drilled in the obtained slices/ thereby completing band 
pieces for wristwatch bands. 

A plurality of band pieces were, rotatably 
connected to each other by inserting connecting pins in 
pinholes provided by drilling in each of the band 
pieces, thereby assembling wristwatch bands. 

Upper rounded surface (when worn round the wrist, 
outer surface arranged outside) of each of the band 
pieces of wristwatch bands was buffed. 

A section of the buffed upper surface portion of 
band pieces was observed through an electron microscope. 
As a result, it was recognized that metal crystal 
grains of the stainless steel surface portion were 
drawn in the direction, of buff rotation by the external 
force applied by ...buff in_g, .. .thereby^ creating a fibrous 
structure of metal crystal grains deformed in fibrous 
form. A deformed layer including this fibrous 
structure was formed so as to extend from the upper 
surface of band pieces to a depth of 3 to 7 jjjn. 

The wristwatch bands were placed in a metallic 

muffle furnace and heated. The temperature was raised. 

to 480°C, and a fluorogas (mixed gas consisting of 5% 
by volume of NF2 and 95% by "volume of was blown 
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into the muffle furnace for 15 min. Thus, the 

wristwatch bands were f luorinated . 

Th^f luorogas was discharged from the muffle 

furnace. Wh^i^blowing a carburizing gas (mixed gas. 
5 consisting of lOris^volurae of CO, 20% by volume of H 2 , 

1% by volume of C0 2 ancN§9% by volume of N 2 ), the 

wristwatch bands were held in^he muffle furnace at 
480°C for 12 hr, thereby carburizihq the wristwatch 
bands. The wristwatch bands were taker\out from the 
10 muffle furnace. 

Formation of mill scale was observed on the 
surface of the ' wristwatch bands having been carburized 
and taken out. 

The wristwatch bands were immersed in an acid 
15 aqueous solution containing 3 to 5% by volume of 

. ammonium, fluoride .and 2 to 3%. by volume of nitric acid 
for 20 min . 

As a result of this pickling, iron contained in 
the mill scale formed on the surface of band pieces was 
20 oxidized and diffused, so that most of the mill scale 
was removed. Further, no mill scale was observed on 
interfaces of mutually neighboring band pieces, pinhole 
inside walls, and connecting pins for connecting band 
pieces to each other. 
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However, the surface of band pieces, namely the 
surface of the carburized layer formed by the 
carburization, was roughened by the dissolution of iron 
caused by the immersion in the acid aqueous solution. 

The pickled wristwatch bands were rinsed. 

The rinsed wristwatch bands were disposed inside a 
barrel vessel of a barrel polishing apparatus. Walnut 
chips and alumina abrasive as polishing mediums were 
placed in the barrel vessel. A barrel polishing was 
performed over a period of about 10 hr, thereby 
removing rough faces formed on the outermost surface of 
the carburized layer of- band pieces. 

As a result of this barrel polishing, a region of 
the carburized layer extending from the surface thereof 
to a depth of 0.3 to 1 \xm was removed, and the upper 

-surface of band .pieces became a smooth beautiful .. 

specular surface required for exterior parts of 
timepiece. On the upper surface, "orange peel" 
attributed to minute unevenness was not visible at all. 

Observation of a section of band pieces after the 
barrel polishing through an electron microscope showed 
that the carburized layer was formed so as to extend 
from the upper surface of band pieces to a depth of 18 
to 20 jxm. 
Example C2 
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Cylinders of austenitic stainless steel SUS ,316 
were provided. The cylinders were cold forged into the 
configuration of wristwatch band pieces in such a 
manner that an external force is applied along the 
central axis passing through the center of a circular 
section of the cylinders . 

Pinholes for insertion of connecting . pins were 
drilled in the thus forged members, thereby completing 
band pieces for wristwatch bands. 

A plurality of band pieces were rotatably 
connected to each other by inserting connecting pins in 
pinholes provided by drilling in each of the band - 
pieces, thereby assembling wristwatch bands. 

Upper surface (when worn round the wrist, outer 
surface arranged outside) of each of the band pieces of 
...wristwatch bands was burnished intp.a planar specular., 
surface. Specifically, each wristwatch band was fixed 
on the circumferential surface of a rotary wheel so 
that the upper surface of the wristwatch band was 
arranged outside. The rotary wheel was rotated, and a 
diamond tool mounted on the rotary wheel was pressed to 
the upper surface of the wristwatch band. 

A section of the burnished upper surface portion 
of band pieces was observed through an electron 
microscope. As a result, it was recognized that metal 
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crystal grains of the stainless steel surface portion 
were drawn in the direction of rotary wheel rotation by 
the external force applied by burnishing, thereby 
creating a fibrous structure. of metal crystal grains 
deformed in fibrous form. A deformed layer including ■ 
this fibrous structure was formed so as to extend from 
the upper surface of band pieces to a. depth of 5 to 10 * 
jam. 

The wristwatch bands were placed in a metallic 

muffle furnace and heated. The temperature was raised 

to 480°C, and a fluorogas (mixed gas consisting of 5% 
by volume of NF 2 and 95% by volume of N 2 ) was blown 

into the muffle furnace for 15 min. Thus, the 

wristwatch bands were fluorinated. 

^i^e fluorogas was discharged from the muffle 

f urna.ce wj^ile blowing a carburizing gas (mixed gas. 

consisting 01^3^0% by volume of CO, 20% by volume of H 2 , 

1% by volume of CO^and 69% by volume of N 2 ), the 

wristwatch bands were h^d in the muffle furnace at 
480°C for 12 hr, thereby carburizing the wristwatch 
bands. The wristwatch bands were\aken out from the 
muffle furnace. 

Formation of mill scale was observed on the 
surface of the wristwatch bands having been carburized 
and taken out . 
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The wristwatch bands were immersed in an acid 
aqueous solution containing 3 to 5% by volume of 
ammonium fluoride and 2 to 3% by volume of nitric acid 
for 20 . min . . 

As a result of this pickling, iron contained in 
the mill scale formed on the surface of band pieces was 
oxidized and diffused, so that most of the mill scale 
was removed. Further, no mill scale was observed on 
interfaces of mutually neighboring band pieces, pinhole 
inside walls, and connecting pins for connecting band 
pieces to each other. 

However, the surface of band pieces, namely the 
surface of the carburized layer formed by the 
carburization, was roughened by the dissolution of iron 
caused by the immersion in the acid aqueous solution. 

The pickled, wristwatch bands, were rinsed. 

The rinsed wristwatch bands were disposed inside a 
barrel vessel of a barrel polishing apparatus. Walnut 
chips and alumina abrasive as polishing mediums were 
placed in the barrel vessel. A barrel polishing was 
performed over a period of about 10 hr, thereby 
removing rough faces formed on the outermost surface of 
the carburized layer of band pieces. 

As a result of this barrel polishing, a region of 
the carburized layer extending from the surface thereof 
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to a depth of 0.5 to 1.5 jam was removed, and the upper 
surface of band pieces became a smooth beautiful 
specular surface required for exterior parts of 
timepiece. On the upper surface, "orange peel" 
attributed to minute unevenness was not visible at all. 

Observation of a section of band pieces after the 
barrel polishing through an electron • microscope showed 
that the carburized layer was formed so as to extend 
from the upper surface of band pieces to a depth of 18 
to 20 jjm. 
Example C3 

Wristwatch bands were assembled in the same manner 
as in Example C2 . 

Upper surface of each of the band pieces of 
wristwatch bands was planed by cutting operation and 
■further- buff ed into a specular surface. 

A section of the resultant upper surface portion 
of band pieces was observed through an electron 
microscope. As a result, it was recognized that, in 
the same manner as in Example CI, metal crystal grains 
of the stainless, steel surface portion were drawn in 
the direction of buff rotation by the external force 
applied by buffing, thereby creating a fibrous 
structure of metal crystal grains deformed in fibrous 
form. A deformed layer including this fibrous 
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structure was formed so as to extend from the upper 

surface of hand pieces to a depth of - 3 to .6 jam. 

The wristwatch bands were placed in a metallic 

muffle furnace and heated. The temperature was raised 

to 480°C / and a fluorogas (mixed gas consisting of 5% 
by volume of NF 2 and 95% by volume of N 2 ) was blown 

into the muffle furnace for 15 min. .Thus, the 

wristwatch bands were fluorinated. 

^ES^e fluorogas was discharged from the muffle 

furnace. Wrfis^e blowing a carburizing gas (mixed gas 
consisting of IqV^by volume of CO, 20% by volume of H 2 , 

1% by volume of C0 2 arfcsLj 59% by volume of N 2 )., the 

wristwatch bands were held xHthe muffle. furnace at 
480°C for 12 hr, thereby carburiz5s^g the wristwatch 
bands. The wristwatch bands were takeK out from the 
muffle furnace.. .. „ , . 

Formation of mill scale was observed on the 
surface of the wristwatch bands having been carburized 
and taken out . 

The wristwatch bands were immersed in an acid 
aqueous solution containing 3 to 5% by volume of 
ammonium fluoride and 2 to 3% by volume of nitric acid 
for 20 min. 

As a result of this pickling, iron contained in 
the. mill scale formed on the surface of band pieces was 
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oxidized and diffused, so that most of the mill scale 
was removed. Further, no mill scale was observed on 
interfaces of mutually neighboring band pieces,, pinhole 
inside walls, and connecting pins for connecting band 
pieces to each other. 

However, the surface of band pieces, namely the 
surface of the carburized layer formed by the 
carburization, was roughened by the dissolution of iron 
caused by the immersion in the acid aqueous solution. 
The, pickled wristwatch bands were rinsed. 
The rinsed wristwatch bands were disposed inside a 
barrel vessel of a barrel polishing apparatus. Walnut . 
chips and alumina abrasive as polishing mediums were 
placed in the barrel vessel. A barrel polishing was 
performed over a period of about 10 hr, thereby 
removing: rough faces, formed ..on.. .the outermost surfacje o.f... 
the carburized layer of band pieces. 

As a result of this barrel polishing, a region of 
the carburized layer extending from the surface thereof 
to a depth of 1 to 2 jam was' removed, and the upper 
surface of band pieces became a smooth beautiful 
specular surface required for exterior parts of 
timepiece. On the upper surface, "orange peel" 
attributed to minute unevenness was not visible at all. 
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Observation of a section of band pieces after the, 
barrel polishing through an electron microscope showed 
that the carburized layer. was formed so as to extend 
from the upper surface of band pieces to a depth of ,20 
to 25 |im. 
Example C4 

Wristwatch bands were assembled. in the same manner 
as in Example C2 . 

Upper surface of each of the band pieces of 
wristwatch bands was planed into a specular surface by, 
grinding means with a reduced grinding power. 
Specifically, the upper surface of wristwatch band was 
pressed to a grinding (emery) wheel being rotated, so . 
that the upper surface of band pieces was ground by the. 
abrasive grains of the grinding wheel. 

-The . upper. ..surf ace . of band pieces. ..was further 

buffed so as to obtain a desirable specular surface. 

A section of the resultant upper surface portion 
of band pieces was observed through an electron 
microscope. As a result, it was recognized that, in 
the same manner as in Example CI, metal crystal grains 
of the stainless steel surface portion were drawn in 
the direction of rotation of grinding wheel and buff by 
the external force applied by the grinding and buffing, . 
thereby creating a fibrous, structure of metal crystal 
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grains deformed in fibrous form. A deformed layer 
including this fibrous structure was formed so as to 
extend from the upper surface of band pieces to a depth 
of 7 to 12 jam. 

The wristwatch bands were placed in a metallic 
muffle furnace and heated. The temperature was raised 
to 480°C, and a.fluorogas (mixed gas .consisting of 5% 
by volume of NF 2 and 95% by volume of N 2 ) was blown 

into the muffle furnace for 15 min. Thus, the 

wristwatch bands were fluorinated. 

" > Kq s e fluorogas was discharged from the muffle 

furnace. wfri^e blowing a carburizing gas (mixed gas 
consisting of lOVby volume of CO, 20% by volume of H 2 , 

1% by volume of C0 2 aiW 69% by volume of N 2 ), the 

wristwatch bands were held\n the muffle furnace at 

480°C for 12 hr, ...thereby carhurrsing the wris.twa.tch. _ 

bands. The wristwatch bands were '. tafessn out from the 
muffle furnace. 

Formation of mill scale was observed on the 
surface of the wristwatch bands having been carburized 
and taken out . 

The wristwatch bands were immersed in an acid 
aqueous solution containing 3 to 5% by volume of 
ammonium fluoride and 2 to 3% by volume of nitric acid 
for 20 min. 
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As a result of this pickling, iron contained, in 
the mill, scale formed on the surface of band pieces was 
oxidized and diffused, so that most of the mill scale 
was removed. Further, no mill scale was observed, on 
interfaces of mutually neighboring band pieces, pinhole 
inside walls, and connecting pins for connecting, band, 
pieces to each other. 

However, the surface of band pieces, namely the 
surface of the carburized layer formed by the 
carburization, was roughened by the dissolution of iron 
caused by the immersion in the acid. aqueous solution. 
The pickled wristwatch bands were rinsed. 
The rinsed wristwatch bands were disposed inside a 
barrel vessel of a. barrel polishing apparatus. Walnut 
chips and alumina abrasive as polishing mediums were 
.placed -in... the barrel,..v_es.ae.L. A harre\L,-po.lishing was 
performed over a period of about 10 hr, thereby 
removing rough faces formed on the outermost surface of 
the carburized layer of band pieces. 

As a result of this barrel polishing, a region of. 
the carburized layer extending from the surface thereof 
to a depth of 1.5 to 2.5 jam was removed, and the upper 
surface of band pieces became a smooth beautiful 
specular surface required for exterior parts of' 
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timepiece. On the upper surface, "orange peel" ' 
attributed to minute unevenness was not visible at all. 

Observation of a section of band pieces after the 
barrel polishing through an electron microscope showed . 
that - the carburized layer was formed so as to extend 
from the upper surface of band pieces to a depth of 15 
to 20 fim. 

In this Example C4, not only planing of t]oe--Trpper^ 
surface of band pieces into a specyJr^^surf ace but also 
converting of metal crysUJ^grains lying in the 
vicinity of band p^e€e surface to the fibrous structure 
caja^be accomplished by grinding means with a reduced 

inding jdower, thereby enabling reducing the number of 
production process steps. Therefore, the employment of 
thds grinding means enables lowering production cost. 

Example C5 .. .. .... 

Wristwatch bands were assembled in the same manner 
as in Example C2 . 

Upper surface of each of the band pieces of 
wristwatch bands was planed into a specular surface. by 
grinding means with a reduced grinding power. 
Specifically, the upper surface of wristwatch band was 
pressed to a grinding (emery) wheel being rotated, so 
that the upper surface of band pieces was ground by the 
abrasive grains of the grinding wheel. 
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A section of the resultant upper surface portion 
of band pieces was observed through an electron 
microscope. As a result, it was recognized that metal 
crystal grains of the stainless, steel, surface portion ... 
were drawn in the direction of rotation of grinding 
wheel with a reduced grinding power, thereby creating a 
fibrous structure of metal crystal grains deformed in 
fibrous form. A deformed layer including this fibrous 
structure was formed so as to extend from the upper 
surface of band pieces to a depth of 2 to 5 |im. 

The wristwatch bands were placed in, a metallic 

muffle furnace and heated. The temperature was raised 

to 480°C, and a fluorogas (mixed gas consisting of 5% 
by volume of NF 2 and 95% by volume of N 2 ) was blown 

into the muffle furnace for 15 min. Thus, the 

.wristwatch bands were fluorinated , 

T{ve fluorogas was discharged from the muffle 

furnace. lihile blowing a carburizing gas (mixed gas 
consisting of\oi by volume of CO, 20% by volume of H 2 , 

1% by volume of CO^and 69% by volume of N 2 ) , the 

wristwatch bands were heSd in the miaf f le furnace at 
480°C for 12 hr, thereby carbonizing the wristwatch 
bands. The wristwatch bands were \ken out from the 
muffle furnace. \ 
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Formation of mill, scale was observed on the 
surface of the wristwatch bands having been carburized 
and taken put. 

The wristwatch bands were, immersed in an, acid 
aqueous solution containing 3 to 5% by volume of 
ammonium fluoride and 2 to 3% by volume of nitric acid 
for 20 min. 

As a result of this pickling, iron contained in 
the mill scale formed on the surface of band pieces was 
oxidized and diffused, so that most of the mill scale 
was removed. Further, no mill scale was observed on 
interfaces of mutually neighboring band pieces, pinhole 
inside walls, and connecting pins for connecting band- 
pieces to each other. 

However, the surface of band pieces, namely the 
surf ace-, of ...the- carburized— lay-ex -formed by the— 
carburization, was roughened by the dissolution of iron 
caused by the immersion in the acid aqueous solution. 

The pickled wristwatch bands were rinsed. 

The rinsed wristwatch bands were disposed inside a 
barrel vessel of a barrel polishing apparatus.. Walnut 
chips and alumina abrasive as polishing mediums were 
placed in the barrel vessel. A barrel polishing was 
performed over a period of about 10 hr, thereby 
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removing rough faces formed on the outermost surface of 
the carburized layer of band pieces. 

. As a result of. this barrel polishing, a region of 
the carburized layer extending from the surface thereof 
to a depth of 1 to 2 was removed, and the upper 
surface of band pieces became a smooth beautiful 
specular surface required for exterior parts of 
timepiece. On the upper surface, "orange peel" 
attributed to minute unevenness was not visible at all. 

Observation of a section of band pieces after the 
barrel polishing through an. electron microscope showed 
that the carburized layer was formed so as to extend 
from the upper surface of band pieces to a depth of 2*0 
to 30 jxm. 

In this Example C5, not only planing of thg^wp^er 
surface, oi:-. band pieces into, a specul^^urface .bat- also 
converting of metal crystaj^jrains lying in the 
vjjs^nity of band pip-de surface to the fibrous structure 

n be accomplished by grinding means with a reduced 
grindino^^^ower , thereby enabling reducing the number of 
production process steps. Therefore, the employment of 
thi/s grinding means enables lowering production cost. 
Example C6 

Cylinders of austenitic stainless steel SUS 316 
were provided. The cylinders were cold forged into 
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ring members in such a manner that an external force is 
applied along the central axis passing through the 
center of a circular section of the cylinders. 

■ Each of the inner ^nH niyf ^ honni a ry d iT nnnr. i nn n i Tf 
^thus ^fp^g^3ring members were adjusted to desired 
_ng operation. 



one/6y cuttii 

Upper surfaces of the resultant ring members were 



buffed to complete bezels with a specular upper surface 

A section of the buffed bezels was observed 
through an electron microscope. As a result, it was 
recognized that metal crystal grains of the stainless 
steel surface portion were drawn in the direction of 
buff rotation by the external force applied by buffing, 
thereby creating a fibrous structure of metal crystal 
grains deformed in fibrous, form. A deformed layer 
including this fibrous structure was. formed so as_..ta. . 
. extend from the upper surface of bezels to a depth of 3 
to 5 jxm. 

The bezels were placed in a metallic muffle 

furnace and heated. The. temperature was raised to 

480°C / and a fluorogas (mixed gas consisting of 5% by 
volume of NF 2 and 95% by volume of N 2 ) was blown into 

the muffle furnace for 15 min. Thus, the bezels were 
f luorinated . 
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fluorogas was discharged from the muffle 
furnace. Wh5S*e blowing a carburizing gas (mixed gas 
consisting of lO^b^volume of CO, 20% by volume of H 2 , 
1% by volume of C0 2 and 6^% by volume of N 2 ) , the 

bezels were held in the muffle Nirnace at 480°C for 12 
hr, thereby carburizing the bezels. Njhe bezels were 
taken out from the muffle furnace. 

Formation of mill scale was observed on the 
surface of the bezels having been carburized and taken 
out . 

The bezels were immersed in an acid aqueous 
solution containing 3 to 5% by volume of ammonium 
fluoride and 2 to 3% by volume of nitric acid for 20 . 
min . 

As a result of this pickling, iron contained in 

the mill scale .formed on the surface of bezels was.... 

oxidized and diffused, so that most of the mill scale 
was removed . 

However, the surface of bezels, namely the surface 
of the carburized layer formed by the carburi zation, 
was roughened by the dissolution of iron caused by the 
immersion in the acid aqueous solution. 

The pickled bezels were rinsed. 

The rinsed bezels were disposed inside a barrel 
vessel of a barrel polishing apparatus. Walnut chips 
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and alumina abrasive as polishing mediums were placed 
in the barrel vessel. A barrel polishing was performed 
over a period of about 10 hr, thereby removing rough, 
faces formed on the outermost surface of the carburized 
layer of bezels. 

As a result of this barrel polishing, a region of 
the carburized layer extending from the surface thereof 
to a depth of 1 to 2 jam was removed, and the upper 
surface of bezels became a smooth beautiful specular 
surface required for exterior parts of timepiece. On 
the upper surface, "orange peel" attributed to minute 
unevenness was not visible at all. 

Observation of a section of bezels after the 
barrel polishing through an electron microscope showed 
that the carburized layer was formed so as to extend 
from., the upper ...s_urf ace.. af_„bezels to a depth of 20 to 23 



